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These two horizontal water wheel 
generators, largest of this type in 
the United States, were built by 
Westinghouse and are rated 45,000 
kv-a. and 50,000 kv-a. at 50 and 60 


cycles respectively. The selection of 
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Westinghouse machines for this 2-A 
plant reflects much credit upon the 
performance of the four Westinghouse 
water wheel generators in the power 
company’s No. 2 station, which this 
newer plant supplements. 
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Twelve circuit 66-kv. multi-circuit tower on Long Beach to 
Lighthipe line. Outriggers give these structures a capacity 
of fourteen circuits. 


Six circuit 66-kv. angle 
protected runway providing access to ali 


circuits. 


The problem of designing suitable supporting 
structures for the rapidly increasing number of 
transmission lines is more and more being met 
by the use of steel. 


Thousands of tons of steel annually go into the 
fabrication of poles, towers and other transmis- 
sion-supporting structures. A large portion of 
this steel is used in Multi-Circuit Towers. 


Towers carrying from four to fourteen 66-kv. 
circuits are now in use in the more developed 
industrial, residential and agricultural areas in 
Southern California. These 


installations have 


STEEL marks the Trend 
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proven so successful, both from an electrical and 
mechanical standpoint, and in the economies 
effected in the saving of materials and conserving 
costs of right-of-way, that Multi-Circuit Towers 
are being extensively adopted for use in the more 
congested areas. 


Multi-Circuit Towers, poles and other steel 
transmission-supporting structures are manufac- 
tured by the Pacific Coast Steel Corporation. Our 
engineers and organization will be glad to submit 
information and data, and give you the benefit of 
our experience in the design and* fabrication of 
all types of steel transmission structures. 


PACIFIC COAST STEEL 


CORPORATION 


General Offices: Matson Building, San Francisco 


Subsidiary of BETHLEHEM STEEL CORPORATION 


Los Angeles: Pacific Finance Bldg. Portland: American Bank Bldg. 


Seattle: Alaska Bldg. Honolulu: Castle & Cooke Bldg 


Export Distributor: Bethlehem Steel Export Corporation, 25 Broadway, New York City. 
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The West is a’ 
to the N. E. L. A. 


ASTERN power executives and engineers look upon their annual 

convention held on the Pacific Coast with more than usual antici- 
pation. Aside from their normal convention business it is their 
opportunity to see first hand, the high state of development that 
Western utilities have reached, and particularly the manner in which 
nature’s water resources have been capitalized. It is both a privilege 
and an opportunity for members of the P.C.E.A. and _ the 
N.W.L.&P.A. to extend the hand of fellowship in the arrangement of 
inspection trips to our outstanding power developments. 

As a member of these associations, The Pelton Water Wheel Co. 
extends its welcome to the delegates and guests attending the 1930 
convention of the N.E.L.A. in San Francisco. Our doors will be 
thrown wide open to those interested in the design and manufacture 
of hydraulic turbine equipment and accessories. Work of unusual 
interest will be on view—a ten-minute ride from convention head- 
quarters. 


THE PELTON WATER WHEEL COMPANY 


Hydraulic Engineers 
2985 Nineteenth St.. SAN FRANCISCO 33 Rector St. NEW YORK 


Associated Companies: I. P. Morris & De LaVergne. Inc., Philadelphia. Pa.; Dominion Engineering 
Works, Ltd., Montreal. Pacific Coast Representative for Larner Engineering Co.. Philadelphia, Pa. 
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With which is consolidated the Journal of Electricity 
A McGraw-Hill Publication 


G. C. TENNEY, Editor 
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A Textbook of Progress 


ECAUSE the National Electric Light 

Association will hold its fifty-third 

annual convention in San Francisco, 
there will be no conventions of the Pacific 
Coast Electrical Association and the North- 
west Electric Light and Power Association 
this year. And because the two geographic 
divisions of the N.E.L.A. will hold no annual 
meetings, the reports of the sections and 
committees, as published in this issue of 
ELECTRICAL WEST, constitute the sole 
record of accomplishment for the administra- 
tive year 1929-30. 


HUS these printed pages of type take 

on added significance and importance. 
Herein is presented a symposium of progress 
of the electrical industry in the Western 
states. These printed reports embody the 
findings of eight hundred men, members of 
committees charged with the study and 
analysis of the problems of every one of the 
varied and specialized fields of the light and 
power industry. They represent final reports 
of countless committee meetings, conclaves 
and discussions. In terms of dollars they 
constitute an incalculable investment in 
time and effort required for their com- 
pilation. 
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O endeavor to select the most outstand- 

ing reports from among the hundreds 
presented is impossible. Each report offers 
the latest and most up-to-date findings on the 
particular subject it covers. Combined they 
present a comprehensive picture of develop- 
ment in the industry. 


HE fact that there will be no conventions 

of the two associations whose work these 
reports represent should not serve as an 
excuse for neglecting to study them. Because 
there are no conventions, the reports become 
doubly important. Published, they them- 
selves are the conventions. 


O the searcher after knowledge, to the 

man with his eyes on the next rung of 
the ladder, this issue is commended. In it 
he will find the accumulated experience of 
eight hundred of his fellows, freely offered 
so that he may have a better grasp of his 
own task, may avoid the mistakes that others 
have made, may profit by the solutions they 
have found for their problems. He who uses 
this material as a guide and reference can- 
not help but advance in the industry. The 
final value of the reports rests upon the ex- 
tent to which they are used. 


Number 6 
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More Kilowatt-Hours Per Customer 


By E. B. Criddle 


President, 


HIS means simply a more intensive use of electricity 
| by all users. New uses are constantly being de- 
veloped, but those who can benefit by electric ser- 
vice are often slow to learn of its advantages. They 
must be educated; it is our job to do this. All of our 
companies are working diligently and successfully to 
build up the domestic load; each year the average kilo- 
watt-hour consumption 
per residence customer 
increases —the average 
for this country for 1929 
was 502. There remains, 
however, a very wide 
field and it will be long 
before the average will 
reach, as it should and 
will, in excess of 3,000 
kilowatt-hours per year. 
One of our very im- 
portant committees is 
that on the relation of 
electricity to agriculture. 
Splendid work is done 
by this committee in 
cementing afriendly 
feeling and a fine work- 
ing spirit between the 
utility and the farmer. 
Here again, intensive 
salesmanship is needed 
to induce the farmers to 
utilize our service fully. 
They need it, it will 
save them money, but 
not five per cent of them 
are using more than a 
small fractional part of 
what they should use. 
These are merely typ- 
ical illustrations of the 
selling problems yet 
ahead of us. Our com- 
mercial departments 
need to be very wide 
awake to carry on inten- 
sive selling effort. Competitive power, through the great 
surplus of natural gas, is a problem to be faced more 
vigorously than ever before. Our engineers have given 
this matter very careful study and usually we can show 
to the prospective customer or to the customer who is 
listening to the siren song of the salesman for the gas 
and the engine companies, that theoretical figures can 
be very misleading. Cultivating the friendship of our 
clientele, having them know by past experience that our 
statements are dependable, and that we have their in- 
terests at heart, is of the greatest possible help. 
Day by day, in co-operative work along these several 
commercial lines as well as in solving engineering and 
operating problems, the Pacific Coast Electrical Asso- 
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E. B. Criddle 


Pacific Coast Electrical Association 


ciation, and the National Electric Light Association, the 
parent association, are demonstrating more fully their 
great vaiue to the entire industry. The managements of 
most of the companies realize this, though they some- 
times fail to see the importance to the company of Class 
“B” memberships, or the value of conclave and com- 
mittee work. If those who work on committees and con- 
claves will only take 
home and put to use the 
things they learn at such 
meetings, and will let 
their immediate su- 
periors know about it, 
the work of the associa- 
tion will be greatly 
strengthened, and _ the 
management will feel 
more justified in permit- 
ting a liberal attendance 
at such meetings. 

There have been many 
rate reductions in our 
territory during the 
year. These are made 
possible principally by 
load building — putting 
the dollars of our invest- 
ment to fuller use, and 
partly by the recently 
accomplished high effi- 
ciency of steam plants, 
and by wide intercon- 
nection. 

Water shortages of re- 
cent years have taught 
our people the need of 
steam power of suffi- 
cient capacity to meet 
fully all demands in the 
dryest years. This has 
been accomplished by a 
very heavy building pro- 
gram, and by a more 
complete interconnection 
of various systems. 

Complete co-operation of the several companies, 
whether competitive or not, is nowhere more fully prac- 
ticed than in this territory, again exemplifying the ad- 
vantages of association contact. 

During the past seven and one-half years we have prac- 
tically doubled in capital invested, in generating capacity, 
in kilowatt-hour sales, and in revenue. Owing to reduc- 
tions in rates, revenue has increased less than sales. With 
$11,000,000,000 invested at the close of 1929, we may ex- 
pect to double that investment by the close of 1938. 

This year, except for a brief session, the P.C.E.A. 
convention will be merged with that of the national 
association. To the national association and all of its 
members we extend a most hearty welcome. 
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Advertising-Publicity Section’ 


The principal efforts of the Advertising-Publicity Sec- 
tion have been directed toward conducting the elimina- 
tions for the national employees’ speaking contest in this 
territory and toward publicity for the N.E.L.A. conven- 
tion in San Francisco, June 16 to 20. 


ONDUCT of the employees’ speaking contest was turned 

over to this Section rather than to the public speaking 
committee of the Pubiic Relations Section on account of the 
experience that the Advertising-Publicity Section has had in 
conducting three-minute speaking contests at the annual 
Pacific Coast Electrical Association conventions for the last 
four years. As a matter of fact the Section feels the idea 
for this years’ national contest developed as a result of the 
work done by the P.C.E.A. in conducting similar contests in 
years past. 

Details of the contest were explained to all employees of 
the member companies in this territory by means of a four- 
page pamphlet that was compiled from information fur- 
nished by the national public speaking committee. 

Briefly, the contest was open to all employees of Class 
“A” member companies below the rank of department head 
or division manager. The title assigned to the contests by 
the national public speaking committee was “The Electric 
Utility’s Contribution to My Community, State and Nation.” 
The delivery of the talk was to take not less than 10 nor 
more than 15 minutes. 

The contests were conducted progressively by the Section 
in this territory. Elimination contests were conducted by 
the member companies to select their representative. Semi- 
finals were then conducted in northern and southern Cali- 
fornia with five speakers entered in each. Two speakers 
were selected in each of these semi-finals to compete in 
finals held in Fresno. 

A winner and an alternate were selected at Fresno to 
compete against representatives of all geographic divisions 
at the N.E.L.A. convention in June. 

As was customary in past speaking contests, the Section 
arranged suitable prizes for the contest in this territory. 
The winner in each company contest was awarded a trip 
to the N.E.L.A. convention with all expenses pg@id. The 
winner in the finals was awarded stock in the amount of 
$100 in any company he chose. The second place contestant 
received a suitable prize valued at $25. 

Interest in the contest was aroused mainly by the prizes 
offered by the N.E.L.A. The first prize was a trip to 
Europe with all expenses paid; second prize, $500; third 
prize, $250. 

Two thousand, two hundred copies of the pamphlet de- 
scribing the contest were distributed to employees of mem- 
ber companies. In addition there was printed a bulletin 
board card announcing the contest, which was placed on 
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bulletin boards of all district offices, power plants, substa- 
tions, etc., of the various member companies. The text of 
this bulletin board card is shown in the accompanying illus- 
tration. These were distributed to the number of 650 among 
the various member companies in this territory. In addi- 
tion, the section distributed 250 copies of the special book- 
let describing the contest that was published by the N.E.L.A. 

Actual details of the contest in each member company 
were handled by a special chairman for that company. The 
chairmen were as follows: W. A. Worthington, Pacific Gas 
and Electric Company; Al. C. Joy, Great Western Power 
Company; Lloyd Henley, San Joaquin Light & Power Cor- 
poration; O. S. Clifford, Sierra Pacific Power Company; F. 
S. Thomas, Coast Counties Gas and Electric Company; C. 
B. Eaton, Southern California Edison Company; Dan L. 
Scott, Los Angeles Gas and Electric Corporation; Albert 
Cage, Southern Sierras Power Company; Forrest Raymond, 
San Diego Consolidated Gas and Electric Company; and A. 
F. Morairty, Arizona Utilities Association. 

Complete records were kept as to the actual number of 
contestants in each member company, the total number of 
people comprising the audiences at each contest, and the 
personnel of the judges at each one of the contests. This 
report will be turned over to the president of the association 
for incorporation in this annual report if he so desires. It 
is anticipated that the winning speech for this territory 
will be published in Electrical West. 


Talk Yourself Into 


me TRIP 
ES) EUROPE 


That’s the FIRST PRIZE in the 


NEL A. 
Employees’ Speaking Contest 


Other Prizes Include 
1. $500. Cash 
2. $250. Cash 
3. $100. in Stock 


4. A trip to the N. E. L.A. 
Convention in San Francisco 


Ask Your Division Manager 
or Immediate Superior for a 


Pamphlet Giving Details of 
the Contest. - - - =< 


OPEN TO ALL EMPLOYEES 


Below the Rank of Division Manager 


Fig. 1. Poster announcing employees’ speaking contest 
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Commercial Section’ 


GENERAL BUREAU REPORTS’ 


ETTER Home Lighting was the theme of the principal 
educational activity of the General Bureau during the 
past year. This, following the precedent of previous years, 
was expressed by means of an essay contest on the subject, 
“Better Home Lighting and What I Can Do to Obtain It.” 
A manual on “Better Home Lighting” was prepared and 
distributed among the participating utilities. At the date of 
this report the essays have not been turned over to the essay 
contest director, but preliminary reports indicate that last 
year’s results will be exceeded. 
The judging of essays will be accomplished at Los Angeles 
on the days of April 10 and 11. Ejighty-nine cash prizes, 
totaling $900 in value, will be awarded to the writers of es- 
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says and most of the power companies are awarding addi- 
tional prizes. , 

The bureau engaged but lightly in activities of a strictly 
public relations character. The surplus supply of the edu- 
cational manual on customer relations, which was used in 
the first and second essay contests, has been distributed, and 
a skit has been prepared by Rr E. Smith and R. G. Kenyor, 
both of the Southern California Edison Company, for pre- 
sentation at the Fresno conclave. 


RECOMMENDATIONS 


In the development of the load-building educational pro- 
gram of the bureau, we recommended that the bureau next 
year conduct an essay contest on the subject of domestic 
appliances. 

Of even greater importance, we urge that executives and 
commercial men in all the power companies exert every pos- 
sible pressure to educate the department heads in their re- 
spective organizations to a realization of the importance of 
our annual essay contest. We find uniformly that where 
department heads interest themselves in the contest, the re- 
sults are gratifying; and that where department heads are 
indifferent or ineffective, the essay contest is a failure. In- 
asmuch as our annual essay contest is a load-building effort 
and has a very definite cash-drawer objective, the reluctance 
of department heads to enter fully into the project is difficult 
to understand and impossible to justify. 
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LIGHTING BUREAU REPORTS’ 


Domestic Lighting* 


oo January a joint meeting of the Lighting Bureau and 

the Advertising Section of the Commercial Section dis- 
cussed a newspaper advertising campaign on the subject of 
“Home Lighting.” The newspaper portfolio as shown and 
discussed at this meeting was prepared by Batten, Barton, 
Durstine and Osborne Advertising Agency of New York for 
the three Mazda lamp manufacturers. This entire series of 


ads was prepared under the personal supervision of Bruce 
Barton. 


While this advertising material was prepared in the form 
of full page newspaper advertisements appearing each week 
during the year, it was fully appreciated that the electric 
utilities on the Pacific Coast were not in a position to use 
this form of copy in its entirety. Nevertheless, the photo- 
graphic cuts and copy were of such a nature that it was of 
particular interest to all the commercial organizations. 


At the present time, the Lighting Bureau is endeavoring 
to secure a large number of these copies from New York 
for general distribution among the member companies of the 
Pacific Coast Electrical Association. As a result of the dis- 
cussion at the January conclave, the Los Angeles Gas and 
Electric Corporation undertook to use some of this newspaper 
copy in a revised form adapted to their particular territory. 
Briefly, the set-up is as follows: 


The ads will be run one each week for at least thirteen consecu- 
tive weeks, the same ad appearing on different days in the large 
daily newspapers and appearing in each of the weekly papers pub- 
lished at the end of the week. 

In addition to this, we are circularizing virtually every con- 
tractor, dealer and jobber in the territory supplied by this cor- 
poration with a preview of the ad as it is to be published, along 
with a letter. This mailing list comprises approximately 700 names. 


In conclusion, arrangements are being made at the present 
time to secure photographs in addition to the accompanying 
copy from New York which will be available to those member 
companies who are interested. 





?Frank Bevan, Pacific Gas and Electric Company, chairman. G. 

H. P. Delimann, San Diego Consolidated Gas & Electric Company, 

vice-chairman. 

California Electrical Bureau: V. W. Hartley, 

Edison Lamp Works: W. E. Carlson, 

National Lamp Works: Clark Baker, Sr. 

Pacific Gas and Electric Company: W. P. Bear. 

San Diego Consolidated Gas & Electric Company: G. H. P. Dell- 
mann. 

San Joaquin Light & Power Corporation: J. E. Hammond, 

Sierra Pacific Power Company: O. S. Clifford. 


* Report of domestie lighting committee, Lighting Bureau, Com- 
mercial Section, W. E, Carlson, chairman. 


Electrical Advertising* 


oe appearance of our streets at night is rapidly chang- 

ing with the ever-increasing number of Neon gas signs. 
Whether we like this or not from the angle of type of load 
makes no difference and if there is a rate problem involved, 
this committee does not deem it within its jurisdiction to 
consider that phase. There is, however, a problem in this 
connection for the commercial men of this industry to solve— 
and that is to keep this form of advertising useful to our 
consumer. 





* Report of electrical advertising committee, Lighting Bureau, Com- 
mercial Section. G. H. P. Dellman, chairman. 
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As the number of signs grow greater, the individual sign 
loses in its attraction power because of two things—first, 
by the similarity to other attractions, and secondly, by the 
type of light. Both of these problems have the same solu- 
tion, the augmentation of such signs with incandescent lamp 
lighting in the form of running borders, sun bursts, etc. This 
tends to make the sign have a greater pulling power and also 
softens the Neon lighting, not to a point of detracting from 
its effectiveness, but making it more pleasing to look at. 

Floodlighting is recommended as one of the major lighting 
load building activities. 

Floodlighting has not received the consideration that it 
deserves because it has been thought of and used primarily 
for the flooding of light over wide areas and this form of 
ilumination is objectionable to the occupants in many build- 
ings where otherwise the lighting might be of decided adver- 
tising value to the building owners. For this class of build- 
ing, types of floodlighting units have been designed which 
concentrate the light on certain areas where it is not objec- 
tionable, giving very beautiful effects and serving as a very 
fine advertising medium. 

This type of lighting is well illustrated by the lighting of 
the Richfield Oil building in Los Angeles. Four hundred flood 
lights are installed thereon, with a load of 150 kw. 


The lighting of playing areas for outdoor sports very 
definitely has an advertising value and adds tremenduously 
to the period of usefulness and hence the value of the land. 


Industrial Lighting* 


The unusual interest in better lighting aroused by the 
celebration of Light’s Golden Jubilee should be taken 
advantage of to develop the industrial lighting market. 
The biggest opportunity lies in the betterment of exist- 
ing inadequate installations. The committee recom- 
mends the adoption of the Franklin Red Seal Certifica- 
tion Plan by member companies. The plan is here out- 
lined and sample letters for its presentation to industrial 
executives are given. 


AST year, the world celebrated Light’s Golden Jubilee, 
the fiftieth anniversary of the invention of the incan- 
descent lamp. Never before in history did light and its 
utilization command such wide attention. The story of ade- 
quate lighting was given a new impetus. As a result, untold 
opportunities for the development of the industrial lighting 
market have been opened up. 


A GROWING MARKET 


Changing conditions and shifting trends in business and 
industry are ever bringing new demands for increased illumi- 
nation, adding to the already vast undeveloped market for 
more light and for better lighting equipment. In at least 
65 per cent of all existing industrial and semi-industrial 
plants improvements in the lighting system are needed. In 
a large percentage, the whole system is obsolete, while ail 
of them could improve their lighting in at least part of 
the plant. 


Not more than ten years ago, factory executives looked 
askance at the suggestion that they would benefit by raising 
the illumination in their plants to ten foot-candles. Two or 





* Report of committee on industrial lighting, Lighting Bureau, Com- 
mercial Section. J. E. Hammond, chairman. R. A. Crosby, R. V. 
Ludlum, C. O. Martin, T. F McDonough, J. O. Presbrey, M, L. 
Saunders. 
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three foot-candles was the order of the day and three times 
as much light seemed a pure waste entirely uncalled for. 
The new order was accepted by some, however, and it was 
not long until these executives discovered to their own satis- 
faction that ample light costs very little in comparison with 
the many benefits derived. And now some of the largest 
corporations, on their own initiative, are using as high as 
100 foot-candles and more, as a cold dollars-and-cents 
proposition. 


THE BiG UNSOLD MARKET 


It is quite evident what these big and rapid advances in 
lighting standards have done towards rendering obsolete 
most of the existing plants of the nation. While a few of 
these plants realize this condition, most of the others must 
be made to realize the inadequacy of their present installa- 
tion and must be shown the need for a more modern light- 
ing system. 

In his address to the National Survey Conference at Wash- 
ington on Dec. 5, 1929, President Hoover sounded the key- 
note for the lighting industry’s selling program in 1930. The 
following paragraph from the President’s address has spec- 
ial import. 


The greatest tool which our economic system offers for the estab- 
lishment of stability is the construction and maintenance work, the 
improvements and betterments and general clean-up of plants in 
preparation for cheaper production and the increased demand of 
the future. 


The place that better plant lighting occupies in the above 
program and its importance to the lighting industry and to 
the central station, in particular, is at once evident. There 
are immeasurably greater opportunities in raising standards 
of lighting in present installations than in the vastly more 
limited new construction market. By this, it is not to be 
inferred that new establishments should be neglected and 
should not be given careful attention to see that they meas- 
ure up to modern standards with sufficient reserve for future 
advancement. 

The big market, then, and the one awaiting the lighting 
specialist right here and now, in bad times and in good, 
is the betterment and replacement of existing inadequate 
installations. 


NEED FOR ORGANIZED MARKET DEVELOPMENT 


It goes without saying that the electrical industry as a 
whole is vitally interested, as beneficiaries, in this extensive 
market. It remains for the lighting industry, however, to 
educate and to crystallize this potential market into definite 
results in terms of added kilowatt load and increased lignt- 
ing equipment sales to meet the customer’s needs. Much 
too little organized selling effort, it is believed, has in the 
past been directed by the central station to the lucrative 
lighting market. It has been left pretty much up to the 
demands of industry itself for higher production efficiencies 
and the consciousness on the part of factory executives 
that higher and higher intensities are of a distinct bene- 
fit to him. 


PLAN FOR LOCAL MARKET DEVELOPMENT 


The purpose of this report, therefore, will be to set forth 
and to outline a plan for local market development and to 
assemble samples of material which is available to the elec- 
tric and power companies for the execution of this program. 


1. Adoption of the Franklin Red Seal Plan*’— 


It is recommended that the member companies adopt and 
put into operation the Franklin Red Seal Certification plan 
that has been prepared by the industry under the auspices 
of the Society for Electrical Development. Details of this 
vlan may be secured directly from the headquarters of the 
society mentioned above. 
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2. Compilation of a List of Qualified Industrial Prospects— 

The basis for any successful market development cam- 
paign on industrial lighting is a list of qualified prospects 
for industrial lighting. Practically every industrial plant 
is a prospect for better lighting in some part of the plant. 
New standards of intensities, new and specialized equip- 
ment, offer even the industrial plant with an installation 
only four or five years old an opportunity to improve its 
vlant lighting with advantage. 

Industrial prospects should be qualified by excluding those 
who are definitely known not to be in the market for light- 
ing because they have recently installed an up-to-date light- 
ing system. Plants that are too small in size to justify the 
expense of the mail and sales follow-up, or that are shut 
down or in financial difficulty, should also be eliminated. 

After completing the selection of industrials to be included 
in the selling campaign, it must be carefully determined 
who in the organization will make the buying decision, and 
the name and title added to the mailing list. This is import- 
ant later, in the direct mail campaign, for letters addressed 
to the company, only, may not reach the individual who 
should be interested, nullifying completely the pre-selling 
objectives of these letters. 

Investigation shows that the following individuals in an 
industrial organization generally have an important part in 
making the decision as to better plant lighting: 


The general superintendent or works manager. 

. The chief electrician or plant engineer. 

. The general manager or vice-president in charge of production. 
. The purchasing agent. 

. The owner (of a small firm). 


oo, wns 


Where names of industrials are taken from various sources, 
they should be carefully cross-checked to avoid duplications. 
All addresses should be verified and made as complete as 
possible, giving in each case the street number and name. 


3. Mailing the Franklin Lighting Letters to the List of 
Qualified Prospects— 


A direct mail campaign will arouse the interest of the 
qualified prospects and break down sales resistance for sales- 
men. It is recommended that the power company use the 
Franklin lighting letters that have been prepared by the 
industrial and commercial lighting committee of the Society 
for Electrical Development. These four letters accompany 
this report. 

The use of a return post card for the booklet, “Light and 
Production,” which may also be obtained from the Society 
for Electrical Development, or of a card asking for the call 
of an engineer or lighting specialist will locate immediate 
prospects who are at least interested enough to want to 
know more. A prompt, personal follow-up call while the 
interest is fresh may subsequently lead to the closing of a 
definite sale. 

The aim of the above mentioned booklet is to make the 
reader conscious of the inadequacy of his lighting system 
by pointing out in a simple way the defects present in so 
many plants. As he goes through his own plant, comparing 
lighting conditions there with those which the booklet points 
out as being necessary to obtain maximum operating effic- 
iency, he will begin to realize that he, also, should call in 
a lighting specialist in order to improve his lighting system. 


4. A Systematic Personal Follow-Up of All Qualified 


Prospects— 

The highest results will be secured from a direct mail 
campaign to promote the idea of better lighting if each 
qualified prospect on the list is followed up personally by 
the lighting salesman or lighting specialist. 


Where the list is very large, it is desirable first to select 
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those prospects that have made a definite inquiry for the 
booklet through the return post card. It has been found 
cf advantage to have this booklet delivered in person by the 
lighting specialist rather than sent through the mail. The 
reason for this is that it serves as a good excuse to call 
and make an initial contact. However, many interested 
prospects may fail to return the post card and it is import- 
ant for this reason that all qualified prospects on the list 
be called upon as soon after the mailing as possible. 

These follow-up calls should have as their objective: 

(a) To secure prospect’s agreement to give careful considera- 


tion to the recommendations of a lighting survey to be made in 
his plant. 

(6) To convince prospect of the advantage of better lighting by 
erranging for test installations in his plant, showing what has 
been accomplished in other plants, or providing some form of 
lighting demonstration. 


5. Mobilizing the Interest and Co-operation of All the Elec- 
trical Interests— 


The distributors should be asked for their support and 
co-operation in providing the necessary reflectors for trial 
installations and in emphasizing to their contractor custom- 
ers the opportunities in lighting during the period of the 
market development program. 

A letter should be sent to the electrical contractors asking 
their co-operation in this campaign by talking better light- 
ing to their own customers and by making a systematic 
effort to secure lighting installation jobs. 

A copy of the Franklin specifications should be supplied 
by the power company to every electrical contractor in 
the city. 

Wherever possible, a school or conference should be organ- 
ized, consisting of at least two or three meetings for the 
purpose of making contractors and others thoroughly famil- 
iar with the aims and the method of the Franklin Red Seal 
specifications for adequate lighting. Someone, thoroughly 
familiar with the specifications and with lighting, should 
demonstrate the simplicity of these specifications to the con- 
tractors through actual problems and solution work at the 
meetings. 

Lamp companies and reflector manufacturers should be 
invited to participate in such a market development program. 


6. Magazine Lighting Stories— 


It is recommended that lighting stories describing actual 
installations be written for publication in trade magazines 
and periodicals. 

There are numerous specialized industries which, in them- 
selves, represent large individual groups which maintain 
associations and publish their own trade periodicals. Fruit 
canners and packers, printers and lithographers, laundries, 
lumbermen, oil producers and oil merchandisers are exam- 
ples of these groups of industries, each one of which has its 
own peculiar lighting problems. Once these problems have 
been solved and a typical plant has been adequately lighted, 
a story with photographs describing the installation would 
be of immeasurable interest and value to the other mem- 
bers of the same industry and would be welcomed for pub- 
lication. 

An example of the far-reaching results of this method of 
market development might be cited in the case of one of 
our member central stations in Southern California, whose 
lighting specialists, in co-operation with the electrical depart- 
ment of one of the large oil companies, laid out and had 
installed an improved system for the lighting of an oil well 
drilling rig. Data and “before and after” photographs 
together with a story were published in one of the petroleum 
magazines, and, to date, inquiries have been inspired from 
as far back as the Oklahoma oil fields. 


7. Compilation of Book of Photographs— 
It has been found that every good lighting installation 
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sold in a community helps to sell others and, where full 
advantage is taken of this fact, the lighting business may be 
made to grow much like a rolling snowball. 

A most effective way of capitalizing on this fact is the 
compilation of a book of photographs of the better indus- 
trial lighting jobs, each accompanied, where possible, by a 
testimonial letter from the customer regarding the benefits 
Gerived and, of course, fuli data on the installation. Photo- 
graphs, taken before the relighting was done, add force and 
value to this work. 

It is recommended that the central station lighting service 
department systematically set about preparing such a book 
for the use of all its lighting salesmen and lighting special- 
ists, who should also be enlisted in the accumulation of the 
material for the book. 


CONCLUSION 


The foregoing recommendations have been presented as 
some of the things easy of attainment by the central station 
in its quest for avenues to new business. Further forms of 
action will suggest themselves and should be taken to develop 
and to realize the opportunities, both present and future, in 
the industrial lighting field. 

It has been pointed out that the big industrial lighting 
market lies in existing plants, already served by the power 
company. In most cases, the present transformer and feeder 
facilities of these establishments are capable of carrying the 
required added load, which make for economy in acquiring 
this new business. 

It goes without saying that the responsibility for this 
phase of the central station’s business must be vested in a 
department which gives its undivided attention to lighting. 
No central station, therefore, is taking full advantage of 
its opportunities unless it supports a lighting service de- 
partment. 


Appendix I—Letters to Sell Productive 
Lighting to Factories® 


Each of the four factory letters has for its purpose: 


1. Carrying an educational message to the potential buyers of 
factory lighting, with the simple facts concerning good lighting as 
it bears on their business. 

2. Opening the way for the company’s or league’s lighting rep- 
resentative prior to his call. Sending of the letters prepares the 
way and frequently relieves the salesman from going through a 
process of educating the prospect’in the simple facts about light- 
ing which can be accomplished usually much more cheaply and 
with better effect through illustration and the printed word. 

3. Selecting the likely interested prospects from the numbers of 
firms in a group which are deemed in need of improving their 
lighting. The return inquiry cards indicate those whose interest 
in the subject of lighting would justify a call. 


SEND TO ARCHITECTS AND BUILDERS 


All of the letters are especially suited for sending to the 
architects and builders in the territory. There should be 
discrimination, as architects who specialize on homes and 
do not engage in industrial work will not be interested in 
the industrial series. 


COMPLETE, READY TO USE 
A complete letter, ready for multigraphing, has been pre- 
pared for the first page of each Franklin lighting letter and 
appears on the four specimen letters which follow. 
This first-page copy ties in, in each case, with the printed 
text on the inner pages of the Franklin lighting letters. This 





3 Material mentioned in this report may be secured from The So- 
ciety for Electrical Development, 420 Lexington Avenue, New York, 
N. Y. Prices: Franklin Lighting Letters, $11.50 per hundred ; 
Franklin Specificaticn, 15 cents per copy; Light and Production, 
no charge. 
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copy in most cases, has been written to lead the reader to 
turn first to the two inner pages and then to read the 
“action” paragraph in the first-page message. 


WHERE FRANKLIN RED SEAL PLAN IS OPERATED LOCALLY 


Where the league or power company operates the Franklin 
Red Seal Plan, the service based on the Franklin specifica- 
tion and Franklin Red Seal inspection and certification 
should be brought out and stressed in the first-page letter. 


TREATMENT OF FOURTH PAGE 


Optional methods for the use of this page are outlined 
in the booklet which accompanies the letters. 


TYPICAL RETURN CARDS 


Several return cards are suggested which have proved 
effective in drawing inquiries and arousing interest. The 
recently introduced form of collect return postcard requir- 
ing no affixing of stamp by the sender is preferable. 


16 pages of FACTS every 
executive should know about 
lighting of an industrial plant. 


Signing and mailing this card will bri 


you—without cost or 
obligation—a copy of illustrated booklet 


wn at the left. 
Individual 
Position 


= Firm Name.. 


MAIL this Card 
TODAY! 


A.O. 2012 10.0-4-28 City 


Address 





Fig. 1. Sample of return postcard which has proved effective. 


ALTERNATIVE COPY FOR FIRST PAGE 


Personal experience, preference or special local conditions 
may make another type for variation of first-page letter pre- 
ferable. Therefore, alternative copy is included. These alter- 
native letters have been collected from lighting service com- 
panies. Included are those which their originators have 
found most productive of induiries and stimulation of inter- 
est. From these a number have been chosen exemplifying 
diversity of treatment and ideas. 


To WHOM SHOULD LETTERS BE SENT 


The number of individuals in a given company who should 
receive the letters will depend obviously on the size of the 
company. A one-man enterprise will call for mailing to only 
one individual in the company. On the other hand, in the 
case of large industrial plants, the general manager, pro- 
duction manager, plant engineer (or maintenance or elec- 
trical engineer) should each receive the letters, preferably 
simultaneously. In some cases it has been found worth 
while to include the president and a financial executive. 


PERSONAL SOLICITATION ESSENTIAL 


It is generally recognized that direct mail letters are not 
sufficient in themselves to consummate sales. In this field 
of lighting, they are effective and useful only to the degree 
they are coupled with personal selling effort. It is of the 
utmost importance that no more letters be sent out than 
can be followed up promptly by the calls of lighting rep- 
resentatives. There should be no lag between the receipt 
of an inquiry card, betokening interest, and a call by a repre- 
sentative. This leads us to the conclusion that good results 
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are secured only where letters are not mailed in gun-shot 
fashion. 

This is particularly true of selling lighting in the factory 
field, where the interest of busy, preoccupied executives is 
difficult to secure, and prompt action must immediately 


follow any evidence of interest growing out of the sending 
of the letters. 


ASSISTANCE IN SPECIAL CASES 


The Society, on request, will assist quantity users of 
Franklin lighting letters in wording their first-page copy 
where unusual local conditions require it. 


SAMPLES OF LETTERS USED 


CENTRAL POWER COMPANY 
ANYWHERE, U. S. A. 


Mr. S. M. Peters, General Managuvr, 

Crown Manufacturing Company, 

220 Front Street, 

Anywhere, U. S. A, 

Dear Sir: 
“A Thousand Thieves 
Within the Gates”’— 


This is not a story of Ali Babba and the Forty Thieves—it’s 
the story of a modern factory and ten thousand thieves. 


Forty thieves are plenty, anywhere, at any time, but they are 
bush leaguers compared to the thieves which are despoiling other- 
wise modern factories. 


The worst of it is that these thieves are easy to detect. 
turn the page and read the parable, 


Please 


That leaves only one thing to do—put us on the trail of your 
production leaks, and let us trace these thieves—without obliga- 
tion to you. 

Very truly yours, 
District Manager, 


CENTRAL POWER COMPANY 


ANYWHERE, U. S. A. 


:..18 


Mr. S. M. Peters, General Manager, 
Crown Manufacturing Company, 
220 Front Street, 

Anywhere, U. S. A. 

Dear Sir: 


“Production increased 2/5ths” 


Please read the inside of this letter first—yes, right now if you 
will be so good. Over—turn the page—thank you! 


Now that you have read the inside message, and gained the 
broad facts regarding modern factory lighting, we have a proposi- 


tion to offer you. 


It is this:—Without any obligation to you we will show you 
what the national standards for good lighting in your business 
are; then we will measure your own lighting and show you how 
it compares with these standards; finally, if your lighting falls 
short of the accepted practice, either in quantity or in quality, 
we will show you how to bring it up to requirements most 
econornically, 

This is an important matter to you, for if your lighting is 
below your industry’s standard, you are suffering a production 
handicap as compared to your competitors. 

Please telephone, and let us know what time would be most 
convenient for our lighting service man to call. 


Very truly yours, 
District Manager, 
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CENTRAL POWER COMPANY 


ANYWHERE, U. S. A. 


Mr. S. M. Peters, General Manager, 
Crown Manufacturing Company, 
220 Front Street, 

Anywhere, U. S. A, 


Dear Sir: 


“Is the Game Called—on account 
of darkness 


in your factory?” 


Please turn the page—and read the message you'll find there— 
and then turn back to this. Thank you! 





Ail that we have to add is that we know our business when 
it comes to designing and installing lighting. Lighting is probably 
one of the few things in your business which we know more about 
than you do. If you are willing to grant us this, we are sure it 
will be to your advantage to let us call and make a survey of 
your lighting. There will be no obligation—but you may find that 
we can do you a real service. 


Very truly yours, 


District Manager, 


CENTRAL POWER COMPANY 


ANYWHERE, U. S&S. A. 


Mr. S. M. Peters, General Manager, 
Crown Manufacturing Company, 
220 Front Street, 

Anywhere, U. S. A, 


Dear Sir: 
“Glare kills eyes and kills Profits” 


To get a rough idea of whether you need better lighting or not 
don't look up at the lights—they may be too bright! Look down 
at the work instead. 


If you will turn the page and read the illustrated message 
there, you will understand why we would appreciate the oppor- 
tunity of making a lighting survey in your plant—without obliga- 
tion to you. 


We are selfishly unselfish in this offer. For if you do need 
better lighting, you will profit from it hundreds of times more 
than the amount of our profit in revising your present system. 


Please turn the page-—and bear in mind that we are at your 
service. 


Very truly yours, 


District Manager, 


SUGGESTIONS FOR THE LAST PAGE OF LETTERS TO FACTORIES 


Experience in selling with direct mail indicates that it is 
best to avoid crowding text and illustrations all over the 
page. Many otherwise good letters go unread direct to the 
waste basket because a crowded effect as a rule does not 
invite the busy man to read. 


The central idea of the Franklin lighting letters is dis- 
tinctiveness achieved through simplicity in arrangement and 
the very minimum of text matter, in contrast with the let- 
ters most frequently seen which are overloaded with ideas, 
slogans, inserts, etc. Many users favor leaving the back 
page entirely blank, as it sets off the personal message on 
the front page and the simple treatment on the inner pages. 

For those who desire to carry something on the last page, 
the following suggestions have been prepared. If used at 
all, it is believed the best results will be achieved where the 


May 15, 1930 — Electrical West 





text, illustration or emblem on this page is very concise, 
such as may be read on the run, and confined to a block 
effect in the center, with two or three inches of white mar- 
gin all around it. 


Optional Treatment for Last Page— 


1. Where the league or power company is operating the Franklin 
Red Seal Plan, print a concise statement describing the advi- 
sory and layout service it offers without charge or obligation, 
based on the Franklin specification and including Franklin 
Red Seal inspection and certification. This statement should 
be confined to 50 or 60 words and appear in bold type in a box. 


2. Reproduce the Franklin Red Seal emblem or that of the 
league or power company, with a brief explanatory caption 
in italics beneath it, 


3. Four or five line statement (in bold-face type) about the 
league’s or power company’s corps of lighting specialists and 
lighting consultation service, available without charge or obli- 
gation. 


4. Reproduce photo of model local factory lighting installation 
with two-line caption giving particulars and names. A suit- 
able caption or a two-line testimonial give point to the bene- 
fits which are enjoyed by the owner or company. 


5. Quote a pertinent excerpt from a commendatory letter received 
from a satisfied user of an installation laid out by the league 
or power company. 


6. Show illustration of typical lighting recommendation in report 
form, as prepared by league or lighting service department 
for a factory executive. There should be a two-line caption 
to epitomize the company’s or league’s engineering resources 
available to officials or executives without cost. 


ALTERNATIVE COPY FOR FIRST PAGE OF FRANKLIN LIGHTING 
LETTERS TO FACTORIES 


CENTRAL POWER COMPANY 


ANYWHERE, U. S&S. A. 
oo---s- . 19 


Mr. S. M. Peters, General Manager, 
Crown Manufacturing Company, 
220 Front Street, 

Anywhere, U. S. A, 

Dear Sir: 

A lighting survey of approximately 300 industrial plants revealed 
that 15 per cent of them were well lighted, 29 per cent were fairly 
well lighted, and 56 per cent were poorly lighted. 

The plants classed as poorly lighted were also noted to be rela- 
tively less efficient—employees were working under a handicap, 
production was lower and spoilage higher. 

Don’t let your plant be inefficient because of its lighting. It is 
easy to have good lighting. 

This company maintains a staff of engineers who plan correct 
lighting layouts and advise on all lighting problems. Phone us 
today—Main 4600, extension 12—and let us show you where good 
lighting will pay big dividends on the outlay in speedier produc- 
tion and better quality of product. 


Very truly yours, 


District Manager, 


CENTRAL POWER COMPANY 


ANYWHERE, U. S. A. 


Mr. S. M. Peters, General Manager, 
Crown Manufacturing Company, 
220 Front Street, 

Anywhere, U. S. A, 


Dear Sir: 


The manufacturer who can build his product for the least money 
is the one who now secures the orders and makes money. 
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Cutting production costs to meet the keenest competition we have 
known in years, is paramount in most of America’s factories. 
Everything possible is being done to clip the pennies off unit costs. 


Right lighting is an important means to that end. Right lighting 
is now considered by leading executives to be as vital to efficient, 
low-cost production as are tools, standardization or labor. 


You can get the proof of this at first hand right here in Any- 
where and vicinity. We can take you to several large and small 
plants and show you the kind of lighting we are prepared to lay 
out for you. Then, if you want to talk to the management of those 
plants, you can get their story on the economies obtained. 


May we not go further into this with you? 


Set a time to suit your convenience and our Lighting Engineer 
will be on hand with all the facts. Just put your name on the 
enclosed card and the time you will receive our Engineer, and put 
it in the mail basket, NOW! 


Very truly yours, 


District Manager. 


CENTRAL POWER COMPANY 
ANYWHERE, U. S&S. A. 


Mr. S. M. Peters, General Manager, 
Crown Manufacturing Company, 
220 Front Street, 

Anywhere, U. S. A. 


Dear Sir: 


You wouldn't be satisfied today with the quality of product your 
plant produced ten years ago. 


Nor would you be willing to use the same mechanical equip- 
ment. For manufacturing standards have changed from those of 
yesterday. 


Lighting standards, too, have changed. The lighting system that 
was considered the last word in illuminating efficiency ten years 


ago is likely to be inadequate for today’s more exacting require- 
ments, 


In your plant, there is only one way to make sure that the 
lighting will keep down production costs, spoilage and accidents. 
That is to have it inspected and measured by a lighting specialist. 
He can quickly tell you whether your lighting is helping or hin- 
dering efficient factory operation. 


On the inside pages, you’ll find interesting facts on what better 
lighting can do for you. Read them, then get in touch with us. 
Send the enclosed card today and tell us when you would like our 
Lighting Engineer to call. 


Very truly yours, 


District Manager, 


CENTRAL POWER COMPANY 
ANYWHERE, U. S. A. 


Mr. S. M. Peters, General Manager, 
Crown Manufacturing Company, 
220 Front Street, 

Anywhere, U. S. A. 


Dear Sir: 


Does it surprise you to be told— 


—that improved lighting enabled the Timken Roller Bearing Com- 
pany engineers to get 1214 per cent increase in production in 
the inspection department, equal to five times the cost of better 
lighting? 

That the Shelby Salesbook Company has been able, through a 


change in lighting, to make production during artifically lighted 
hours equal to that of the brightest daylight hours? 


That the Dover Manufacturing Company has achieved an increase 
in production of 12.2 per cent in its press department, through 
better lighting, at an increased cost of only 2%4 per cent of the 
payroll? 
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That modern lighting in the Rich-Sampliner Knitting Mills, 
(Cleveland, Ohio,) has accomplished a 15 per cent increase in 
production with a 10 per cent decrease in accidents? 

Let us be your lighting counsellors. 

We have no desire to do anything revolutionary with your fac- 
tory lighting—that is not the way we work. But we would like 
to make recommendations to you as regards what modern light- 
ing will do to aid you in securing the best results from the Blec- 
tric Service we supply. 

Just fill out the enclosed card or ’phone us, Main 4600, exten- 
sion 12. 


Very truly yours, 
District Manager. 


CENTRAL POWER COMPANY 
ANYWHERE, U. S&S. A. 


Mr. S. M. Peters, General Manager, 
Crown Manufacturing Company, 
220 Front Street, 

Anywhere, U. S. A. 


Dear Sir: 


Much progress in recent years has been made in the art of good 
lighting. Lighting methods and equipment that were necessary 
in the days of inefficient lamps are now obsolete; today, they 
exert a hardship on the plants that continue to retain them. 

Good lighting increases production, decreases accidents, and 
improves the sanitation and morale of the factory. These facts 
have been proved by conclusive tests made in plants similar to 
yours throughout the country. 


This company hes a number of Lighting Experts who will be 
glad to study your plant, and without interrupting or disturbing 
anyone, make a survey of the effectiveness of your present light- 
ing installation. A complete report will be furnished as to just 
what changes should be made, if any, to make your lighting as 
useful and productive as it should be. The report will be definite 
and specific, based on your factory and no other; it will be accom- 
panied by actual working blue-prints which your contractor or 
electrician can easily follow. 


There is, of course, no charge or obligation of any kind for 
the services of our Lighting Engineer, nor for his complete report 
er drawings. 


A post card is enclosed which we ask you to sign and return 
to us. Please indicate in the space provided the time for him to 
call that would be most convenient for you. We believe you will 
find his call genuinely profitable. 


Very truly yours, 


District Manager, 


CENTRAL POWER COMPANY 
ANYWHERE, U. §S. A. 


Mr. S. M. Peters, General Manager, 
Crown Manufacturing Company, 
220 Front Street, 

Anywhere, U. S. A. 


Dear Sir: 


In a letter, Secretary James J. Davis, of the U. S. Department 
of Labor, said: 


“A well-lighted institution is generally a prosperous institu- 
tion. A poorly lighted, dingy factory does not inspire the 
workman to do his best, neither does it tend towards satis- 
factory production, 


“IT would go so far as to say that in manufacturing estab- 
lishments, in which the very best lighting facilities are lack- 
ing, not only will the best efforts of the managers and workers 
be affected but the stockholders will not entirely escape the 
distress when they receive their dividends.” 


Man is a daylight animal. When you put your workmen at a 
machine or bench with ‘illumination of less than one-fiftieth of 
one per cent daylight power, is it-any wonder that material spoil- 
age becomes -a sizable factor in your expenses, accidents to men 
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or machinery are of daily occurrence, and production records are 
much below where they should be? 


Our lighting engineer will gladly prepare for you a Franklin 
Specification report of what your plant needs to give you a lighting 
installation which will make it easier for your workmen to attain 
the lower production costs you desire. 

We shall be glad of the opportunity to furnish this survey with- 
out obligation. Mail the return postcard and our lighting engineer 
will be placed at your service without cost or obligation. 


Very truly yours, 


CENTRAL POWER COMPANY. 
By 


CENTRAL POWER COMPANY 


ANYWHERE, U. S. A. 


Mr. S. M. Peters, General Manager, 
Crown Manufacturing Company, 
220 Front Street, 

Anywhere, U. S. A. 


Dear Sir: 


“Step on the gas.” 


That’s the common expression when you want more miles per 
hour. 


In industry the expression is, “Step up the light” if you want 
more output and lower costs from a given number of workers and 


machines. Light is to industrial production what gasoline is to 
@& motor. 


The kind of lighting you are using in your plant may be keeping 
up costs. If your lighting system has not been revised within the 
past five years, your plant is likely to be improperly lighted accord- 
ing to today’s standards. Meanwhile, you may be putting up with 
higher production costs and spoilage that could be avoided. 


Our lighting specialists are qualified to tell you whether your 
lighting is helping or hindering your piant efficiency. The serv- 
ices of these specialists are without charge and entail no obligation. 


Telephone or send us the enclosed card today. We shall be 


glad to send a lighting specialist to counsel with you on your 
lighting problems. 


Very truly yours, 


District Manager. 


CENTRAL POWER COMPANY 


ANYWHERE, U. S. A. 


Mr. S. M. Peters, General Manager, 
Crown Manufacturing Company, 
220 Front Street, 

Any City, U. S. A, 


Dear Sir: 


When daylight fails—as the approaching days grow shorter with 
shrinking daylight working hours . 


Will production in your plant slow up—will spoilage increase 
and will the number of accidents to men and machinery start 
upward—all because of insufficient or improperly laid out plant 
lighting? 


The following and many other examples point to correct plant 
lighting as an aid to production. In the United States Post Office 
there was an increase in the quantity of mail handled of 13 per 
cent when the illumination was increased from 3.3 units of light 
to 7.5 units of light. A dry-goods manufacturer with improved 
lighting recorded a production increase of 24 per cent. 


And correct lighting in your plant will help you reduce your 
share of the millions of dollars lost yearly through accidents to 
men and machinery. Only recently the Babson Statistical Organi- 
zation stated in a current bulletin that a careful survey conducted 
by them showed between 15 per cent and 20 per cent of all the 
industrial accidents in the United States are caused by poor light. 


We would like to show you how much to your advantage it 


would be to bring your lighting equipment up to the standard of 
the Franklin Specification. 


May 15, 1930 — Eledtrical West 





May we send you our lighting engineer whose services are sup- 
plied without charge or obligation? Please note in the space pro- 
vided when it will be convenient for you to have him call. Or, 
phone Main 4600, extension 12. 


Very truly yours, 


CENTRAL POWER COMPANY. 
By 


CENTRAL POWER COMPANY 


ANYWHERE, U. S. A. 


Mr. S. M. Peters, General Manager, 
Crown Manufacturing Company, 
220 Front Street, 

Any City, U. S. A. 


Dear Sir: 


A presumably well-lighted factory recently conducted a careful 
check of its plant lighting. Following the check, alterations were 
made to conform to modern standards of lamp location, distri- 
bution, glare reduction, etc. After a test period, production records 
showed the following results due entirely to the improvement in 
plant illumination: 


18 per cent more production 
23 per cent less spoilage 
26 per cent fewer accidents 


The cost of the illumination was less than two per cent of the 
payroll! 

These results are not exceptional. They conform closely to the 
averages obtained by the introduction of planned illumination in 
hundreds of plants. 


Unless you have carefully checked the lighting of your plant 
recently, you are probably paying an hourly toll to spoilage and 
higher production costs. Our lighting engineers will gladly con- 
fer with you and help work out an economical system of planned 
lighting. 

Just fill out the enclosed card or ’phone us, Main 8759, exten- 
sion 12. 


Very truly yours, 


CENTRAL POWER COMPANY. 1% 
Manager. 


CENTRAL POWER COMPANY 
ANYWHERE, U. S. A. 


Mr. S. M. Peters, General Manager, 
Crown Manufacturing Company, 
220 Front Street, 

Any City, U. S. A. 


Dear Sir: 


If a man comes to you with a sound proposition for making 
money you will at least take a moment to consider it. 


The benefits of good lighting, when known, speak for themselves. 
You don’t have to be “sold” through conversation; facts are more 
convincing than sales arguments. We are confident that any mo- 
ments you take in considering these facts will be well spent. 


The cost of a good installation is small. It seldom amounts to 
two per cent of one year’s payroll. Many tests have shown con- 
clusively that good lighting increases production from 10 per 
cent to 25 per cent. Certainly few other sound investments offer 
such a good return. 


An adequate lighting installation to conform with the Franklin 
Specification is a sure investment. We are ready to help you 
profit by the advantages it offers you. 

The return postal will place at your service our lighting engi- 
neer without obligation of any sort. 


Very truly yours, 


CENTRAL POWER COMPANY. 
By 





MERCHANDISING BUREAU REPORTS’ 


Successful Campaign Methods* 


The answer to “What Makes a Campaign Successful?” 
can be approximated only after a thorough study of 
many campaign reports and sales department organiza- 
tions. 

The committee requested campaign reports from mem- 
ber companies but lack of time limited the number re- 
ceived. A well thought-out plan, carefully talked over 
and ironed into shape before the actual campaign, is 
obviously necessary for success. Of more importance, is 
the “getting over’ of this plan in its every detail to the 
company organization and, of course, the most important 
is acquainting the public with the sale in such a manner 
that the desired results will be obtained. 

For the purpose of this report, we have divided the 
campaign procedure into seven steps: 


I. Sales budget for year. 

II. Conference of sales executives. 
III. Make it the talk of the company. 
IV. Make it the talk of the town. 

V. Complete coverage by salesmen. 
VI. Keep up interest. 
VII. Whoopee ending. 


URING the month of December sales budgets for the 
year should be made, giving the plan of all major and 


minor activities and the quota by sales districts of each 
appliance. 


THE COMPLETE YEAR’S ACTIVITY OUTLINE 


The advantage of such a plan is that the campaign of 
the greatest load building result and sales appeal can be 
placed in its proper month. It is possible, however, that a 
load building appliance may be placed in a month other 
than the month of greatest appeal. For instance, it is the 
desire of power companies to promote the “year round refrig- 
eration” idea. The month of February, therefore, serves as 





2Myron McNeal, Southern California Edison Company, chairman. 
H. H. Courtright, Valley Electrical Supply Company, vice-chairman. 
Barker Bros: E. A. Norton. 

Belsey Company: George G. Little. 

California Electrical Bureau: G. M. Rankin. 


Central Arizona Light & Power Company: R. A. Best, R. H. Brad- 
ford, A. F. Morairty, 


Coast Counties Gas & Electric Company: Pierre Vinet. 

Edison General Electric Appliance Company: P. H. Booth, J. P. 
Bowden, H. F. Huggins, R. H. Robinson, R. W. Turnbull. 

Ejiectrical World: W. C. Heston, 

Fobes Supply Company: R. F. McDonald, 

Gough, Inc., P. H.: Elbert Kramer, C. E. Louis. 

Graybar Electric Company: R. W. Kimberlin. 

Great Western Power Company: O. F. Anderson, O. R. Doerr, 
Monty Pfyl, J. W. Wrenn 

Holmes & Sanborn: C, A, Sanborn. 

Hoffman Specialty Company: H. H. Daley. 

Los Angeles Bureau of Power & Light: A. W. Elliott. 

Majestic Electric Appliance Company: M. K. Murphy. 

Pacific Gas and Electric Company: W. R. Bowler, L. J. Brundige, 
E. F. Perkins, J. S. Ross, R. T, Stevens. 

Pacific States Electric Company: A. W. Krueger, F. A. Mulvaney. 

San Diego Consolidated Gas & Electric Corporation: E. W. Meise, 
PP eae: 

San Joaquin Light & Power Corporation: C. E. Zelhart. 

Sierra Pacific Powei Company: O. S, Clifford. 

Southern California Edison Company: A, W. Althouse, R. A. Bacon, 
C. H. Calef, H. H. Douglass, H. J. Drexel, W. C. Greene, C. 
M. Hess, J. C. Hoyt, R. G. Kenyon, Myron McNeal, J. H. Mead, 
E. D. Minnick, P. V. Moffatt, J. R. White. 


Southern Sierras Power Company: W. S. Fleming. 
Vallejo Electric Light & Power Company: R. C. Bragg. 
Wesix, Inc.: C, B. Merrick, C. A. Russell, 


Westinghouse Electric & Manufacturing Company: John A. Clark, 
H. L. Garbutt, J. H. Jan:ison, C. H. Paulin. 


* Prepared by A. F. Morairty for appliance committee, Merchan- 
dising Bureau, Commercial Section. 
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a good campaign month for such an appliance and also 
engenders the desire for this appliance in the minds of the 
public early in the year, with the result that it aids the sale 
later on during the warmer months. 

Either major or minor activity is carried on each month 
in the load building appliances such as ranges, water heaters 


us om sro 
eee 











ahi 





sills eaeieieiod 
saatuaea.. <asindhs Ao Malia sa 
eile cece had deco 


Heatrolas 


vr Featured 


x Minor Campaign 
K Intensive Campaign and Sales Contest. 


Fig.1. Typical sales program. 


and refrigerators, Such a plan serves to stimulate both the 
sales organization and the public desire to an extent that 
it favorably affects the sales for the few months following 
the major activity campaign. Some companies have two 
major activities each month, one which is sold by the sales- 
men in the field (generally major appliances), and the other 
sold over the counter (small appliances). 


Companies employing the double territory representative 
ylan (one group of salesmen for ranges, refrigerators and 
water heaters and one group for washers, ironers and 
vacuum cleaners) may have two major and a minor activity 
during the month. However, the recommended plan is to 
have one major and two minor activities each month. 

With such a sales budget arranged during the first part 
of December, the sales department executives can then give 
their attention in advance to each monthly campaign. 


CONFERENCES OF SALES EXECUTIVES TO PLAN DETAILS OF 
Eacu INDIVIDUAL CAMPAIGN 


Conferences of sales executives should be held at least a 
month previous to each campaign. At the first conference 
of the commercial manager, merchandise manager and pro- 
motion manager the following should be given consideration: 


1. Sales appeal, such as prices, special model, small down pay- 
ment, extended terms, premiums, etc. 


2. Advertising motto of campaign. This motto should be carried 
out in all advertising, 
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There is always temptation to adopt the sales plan of 
some sales manufacturer in its entirety without giving it 
sufficient thought. Even though a manufacturer’s campaign 
plan js decided upon, every step should be thought out—that 
is to say, “see how it fits in with the local situation.” If 
possible local color should be added to it. In doing this you 
at least sell yourself the method of the campaign and then 
you are in a position to sell the employees and the public. 
Manufacturers complain of the waste of their campaign 
material and it is often due to the fact that their campaign 
plans have been accepted without due consideration as to 
their application. Human effort only can put over a cam- 
paign and while printed plans and advertising will assist, 
they will not succeed in their silent form. 


3. Advertising bogie set. 
4. Increase of bogie over that shown in yearly sales budget. 
+ 5. Complete written procedure of all steps of campaign. 


MAKE IT THE TALK OF THE COMPANY 


The entire employee organization should be sold to the 
point of enthusiasm immediately preceding a sale. It is 
much easier to enthuse members of the sales department 
than the employees of the other departments. Prospect com- 
missions will to a certain extent arouse interest among other 
employees. Letters to-all employees informing them of the 
features of the sale can be used. A new sales manager of 
an electric company was pondering how to put life into his 
sales organization when he noted that a great many of the 
employees of the company reminded him that the company 
was selling a wonderful electric range of highest quality. 
One Monday morning throughout the town appeared the 
words “ask the electric man.” Necessarily by noon a great 
deal of curiosity in both the minds of the public and the 
employees had been aroused. Just before going to work at 
1:00 o’clock there were arranged short talks before the 
employee groups announcing the sale of electric ranges and 
explaining the reason for the motto “ask the electric man.” 


| Now. 


All Your Friends Can Enjoy 
the advantages of 


GENERAL @ ELECTRIC 
Refrigeration 





without waiting until summer 


$5.00 Down 


First payment not due for 60 days 
22 additional months to pay balance 


YES IT'S TRUE WE ARE OFFERING 
monTH. OF” FEBRUA REFRIG ERATORS THE 
MONTH ae ONLY AT THESE UN 
SPECIAL TERM — 
any good a why your friends ae 
these 
cloctrie aa eamly Zehee 
ying power of every family in this 
Tt is expected that this will be one of the 
we have ever had. Scores people 
SE OS ee eS te Se nee. hh te your 
opportunity te “cash in” ppnaingec «l 
START RIGHT NOW! $1.00 IN ADDI ee 3 
ISSION WILL BE PAID C ON EVE 
PROSPECT YOU TURN IN THAT RESULTS IN A SALE 
THIS MONTH. 


Tell all your friends they 
can enjoy it now 
CENTRAL ARIZONA LIGHT & POWER CO. 


SALES DEPARTMENT 


Fig.2. Sample of successful advertising. 
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The new sales manager felt that it must be a wonderful 
range since all of the employees of this company were so 
enthused over its success. The motto attracted the attention 
of the public to the confidence of the employees in the range 
they were selling. It goes without saying that the cam- 
paign was a huge success because the employees felt that 
the new sales manager had faith in their judgment. This 
is an example of arousing the interest of the employees in 
the sales campaign. 

Sales talks giving the details of the campaign should be 
made at all employee meetings previous to the campaign with 
an explanation of the prospect commissions allowed the 
employees for turning in the names of their friends to whom 
an application is sold. 

During a recent campsign which sold 240 electric refrig- 
erators, 400 prospect cards were turned in by the employees. 
Announcements of the prospect commissions earned by the 
various employees should be read at the employees’ meetings, 
and the checks should then be presented. Special mention 
should be made of the employee who earned the largest 
amount in prospect commission. 

Have the management show its interest in the campaigns 
either by letters from the general manager or by offering a 
general manager prize. 

Previous to the campaign, sales department meetings 
should be held, when complete details of terms and condi- 
tions of the sales should be explained to all salesmen. The 
promotion manager should present copy of advertisements 
to be used and should explain all promotional plans. 

In addition to the regular commission paid the salesmen, 
bonuses and prizes should be given the most successful sales- 
man and a booby prize to the lowest. In order to compete 
for the prizes, make it necessary for each salesman to sell 
a certain number of appliances. Change the prizes from 
month to month and contrive to make them of human interest 
and if possible instill a little humor into the contest. For 
instance, two leading salesmen of a company worked unceas- 
ingly to capture first prize each month until it became the 
talk of the company. Announcement was made that the 
second prize was a secret and of such a nature that it would 
aid the salesman receiving it to go faster, cover more terri- 
tory and sell more the next month. When the prize was 
awarded at an employee meeting it was found to be an old 
broken down bicycle. The humor of this instilled life into 
the next campaign. 


Do Not Matt CAMPAIGN PLANS TO DISTRICTS 


The merchandise manager and the promotional manager 
should attend these meetings in person if possible and explain 
the details of the campaign and also exhibit copies of all 
advertising to be used. A meeting should be called by each 
district manager of all employees as well as the salesmen 
of that district. This meeting should be enthused by some 
one who has attended the sales meeting at the general office. 


MAKE IT THE TALK OF THE TOWN 


With the plan of a campaign arranged and the employees 
informed it then becomes the job of the promotional manager 
“to tell the public” in such a way that sales will result. It 
is difficult to say just how this should be done in each case 
as local conditions vary, but it is certain if it were possible 
within the limits of the advertising allowance to inform 
every citizen of the community about the campaign, maxi- 
mum sales would result. Generally speaking, therefore, a 
certain amount of advertising allowance should be spent for 
mass advertising such as newspapers, radio announcements, 
dodgers, truck banners, etc. Some companies direct a great 
deal of their literature to prospects only. (In general the 
company that does the best job of mass advertising obtains 
the greatest results.) 
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A distinctive type of advertising assists the company in 
the job of mass advertising, especially in the newspaper, 
where it is in competition with all the other advertisements. 
The customer may note a distinctive design flash before him 





Fig. 3. Floor display of appliances during a campaign 


at a picture show and again on a truck banner and possibly 
again in the newspaper. Repetition of this same design on 
a dodger when received by direct mail arouses the curiosity 
of the customer to the point of inquiring as to what it is 
all about. 

It is much more difficult to make your sale the talk of 
the town in a large city than it is in a small town. Gen- 
erally speaking the smallest city with a daily newspaper of 
average circulation has the advantage in matter of publicity. 

The proportion of advertising allowance to be expended 
for advertising depends on local conditions. 


The best form of advertising is to enthuse the entire 
employees’ organization. To this can be added other well 
known forms of publicity, such as teaser advertising, news- 
paper advertising, dodgers, envelope stuffers, printing on 
back of company envelopes, window trims, truck banners, 
picture show slides, store displays, radio announcements, 
store banners, letters to prospects, soliciting old customers for 
new prospects, demonstrations at fairs, cooking schools, etc 

An example of a distinctive form of advertising is given 
in Fig. 2. 


COMPLETE COVERAGE BY SALESMEN 


Some form of complete coverage of the territory must 
be decided upon. Some companies have a territory salesman 
plan which accomplishes this purpose and also eliminates 
duplicate effort. A few companies have adopted the double 
territory salesman plan, one group selling ranges, refrig- 
erators and water heaters, and the other group selling wash- 
ers, ironers and vacuum cleaners. This latter plan makes 
possible the concentration of effort on the load building 
appliances and also solves the problem of selling the washers 
and vacuum cleaners without using high pressure methods. 
These two groups also co-operate with each other in obtain- 
ing prospects. It is possible for a company using the double 
salesman plan to alternate their campaigns between the two 
groups each month. If one of the above plans of coverage 
is not used it is necessary to supervise carefully the efforts 
of your salesmen so that the entire territory is solicited. 


KEEP UP INTEREST 


Reports containing “live copy” should be made of the 
progress of campaigns and a copy distributed to every sales- 
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man. Quite often a salesman meets with wonderful success 
the first week and then interest lags. Some companies stage 
additional contests for the second, third and fourth weeks 
of the campaign. Enthusiasm and good natured contests 





Fig. 4. Demonstrations and lectures play a part in bringing the 
story before the public 


should be stimulated by these reports. Daily pep meetings 
should be held. 

Each supervisor should maintain a personal interest in the 
progress of each salesman in his district. A pleasant inquiry 
each morning of “Well, how many yesterday? What? Only 
five! That just pays for the advertising.” Or possibly a few 
words of appreciation will keep the salesman working toward 
the goal. 


WHOOPEE ENDING 
Announcing of the results of the contest should be made 
at a meeting of all contestants preferably at a sales depart- 
ment breakfast. An entertaining program should be 
arranged. In general this meeting should take on a jolly 
aspect where the winners are congratulated and the others 
encouraged to be among the winners in the next campaign. 


CONCLUSION 
If you have read this report to this point, the committee 
has been successful in its attempt to put “life” in its copy. 
This report is not offered as a final answer to “What makes 
2 Campaign Successful?” The committee believes that the 
work should be continued so that a study can be made of 
a greater number of campaign plans. 


Air Heating* 


The work of the air heating committee has this year 
taken the form of brief reports which are being sent 
out to member companies and of a lecture which is the 
joint product of all subcommittees. The committee recom- 
mends a continuance of the work now under way. 


oe work accomplished by the air heating committee for 

the past year has been the production of the following 
brief reports, which are being distributed to the different 
member companies: 


1. A study and development of automatic control and control 
equipment used in connection with electric space heating jobs. 





* Report of air heating committee, Merchandising Bureau, Com- 
mercial Section. H. H. Douglass, chairman. R, H. Robinson, vice- 
chairman, southern section. C, A. Russell, vice-chairman, northern 
section. R. H. Bradford, H. H. Daley, O. R. Doerr, A. W. Elliott, 
W. S. Fleming, C. B. Merrick, M. J. Murphy, P. P. Pine, G. M. 
Rankin, C. A. Sanborn, C, E. Zelhart. 
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2. A study and report on the economy of insulation. 

3. A study and report on the economy of electric heating, show- 
ing a few definite examples of the method of analyzing the com- 
parative costs of different methods of heating. This was outlined 
in the revision of the 1929 air heating committee’s manual. 


The points of interest brought out in the different com- 
mittee meetings during the year have been more or less 
crystallized in the form of a story, which was presented at 
the Merchandising Bureau’s session on Friday, March 21. 
A brief summary of this story is here given. 

It is presented by means of charts and slides, showing 
some of the features which enter into the sale of electric 
space heating. This story has been the joint contribution 
of the air heating committees. 

We recommend to the incoming air heating committee that 
they devote increased attention to the work already under 
way and that it be developed and brought to a final definite 
form for publication in next year’s reports. 


A ppendix—Air Heating in California’ 


We take pleasure in presenting this story of some of the 
features in connection with the sale of electric space heat- 
ing, which have developed from time to time on different 
jobs. This is the hot air story from the hot air gang. We 
like it, we believe in it, and we intend to stick to our story. 
Why is Air Heating? 

We are all familiar with the stock reasons of cleanliness, 
convenience, safety, and the many different reasons for the 
use of electric space heating, but one of the big reasons 
for the growth of electric heating in California has been 
due to climatic conditions. Our climate is such as to require 
very little heat at any time, and the flexibility and conven- 
ience of control of electric heating lends itself very readily 
to fit our climatic conditions. (Show annual temperature 
chart, U. S. Weather Bureau, Los Angeles.) 


Economy of Electric Heating— 


We refer to the heating manual as published by last year’s 
committee. On page 11, we show a method of analyzing the 
comparative costs of different forms of heating. Economy 
may be defined as results that justify expenditures, and the 
comparative costs of heating will not be true unless all of 
the costs are considered, and they on the basis of equiva- 
lent heating. (Show slides of San Bernardino Medical Build- 
ing cost analysis. We give here a discussion of the different 
items of cost on this job.) This is an actual job that is 
going in, and it was sold on a basis of different studies 
of the engineering economies in connection with the job. 
“Engineering economies” has been defined by one good 
authority as a combination of brains and bologna, and it is 
these very items of engineering economy that we” must 
depend on to put over electric heating jobs in the future. 


SOME REASONS FOR IMPROVING CONDITIONS 


There are many reasons for the improvement of heating 
conditions in California, among which may be mentioned 
the following: 


1. Increased activity of the utility companies. 
2. Manufacturers’ co-operation. 


3. Improvement in equipment, such as appearances, design, results 
obtained. 


4. Some new ideas, such as the new fan-type heaters and the 
Carnot heating cycle system. 





2A synopsis in brief of the air heating committee’s presentation of 
the air heating story at the Merchandising Bureau meeting. 
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5. Increased dealer activity and co-operation. We have found 
a very marked increase in the heating game due to activity and 
co-operation of dealers who have been sold on the actual cash- 
register value of getting completely electrified homes. We have in 
mind and can cite one job in particular where the bids were sub- 
mitted for the ordinary electric wiring, amounting to $4,300, where 
the heating was to be oil-fired steam and the cooking and water 
heating done with the so-called canned gas, and when the job was 
completely electrified, the contractor had a contract for $22,000 
instead of $4,300, involving the installation of all of the original 
layout, plus over 200 kw. of electric heat, seven electric water 
heaters and three electric ranges. This cash-register value of the 
heating load should be stressed with the trade and a complete tie-in 
made with the industry. 


CLASSIFICATION OF LOAD 


The major divisions of load which apply to electric heat 
may be roughly classified as: 


Residential 
Apartments 
Schools 
Hospitals 


Commercial and industrial offices. 


One of the biggest and best fields and one which has been 
most neglected, is this item of offices and industrial plants. 
This has been more or less of a hobby in the south for the 
past year and special efforts have been made to get this class 
of load, with the result that some 35 or 40 industrial plants 
are now using electricity for air heating with splendid results. 
(Show slides of industrial plants and description of each.) 


THERMOSTATIC CONTROL 


(Show temperature chart and economy of thermostatic 
control.) 

Thermostatic control is one of the big items which has a 
tendercy to produce the most satisfactory results on electric 
heating. It is nothing new, as it has been done by the me- 
chanical heating people for years. Its general application 
produces marvelous results in the satisfaction derived from 
heating jobs. (Discussion of the economy chart.) 


INSULATION OF BUILDINGS 


It has been shown that very definite savings can be made 
on the cost of heating by the use of adequate insulation. 
These savings, in many cases, run as high as 50 per cent and 
an average saving of 40 per cent is easily attained with a 
well-insulated job. It increases the comfort and satisfaction 
derived from the building, not only in cold weather, but also 
in hot weather, and it is safe to say that a correct job of 
insulation does not actually cost any money, but returns big 
dividends on the investment involved. 


IN CONCLUSION 
In conclusion we summarize as follows: 


1. We have a large and rapidly increasing field of endeavor. 


2. There is a very marked trend toward popular acceptance of 


air heating. 


3. Co-operation between the public service companies, the manu- 
facturers and the trade has an actual cash-register value for each. 


4. We should cash in on our climatic conditions for the sale of 
electric heating. 


5. And do not forget the actual economy for the owner when all 
the costs are considered. California will install approximately 
50,000 kw. of electric space heating during the year of 1930 at an 
approximate cost of $1,000,000, and this business should be suffi- 
ciently attractive to bring all the industry together in a united 
job of selling electric heating as it should be done. 
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Report of the Appliance Committee* 


| il building, buying or furnishing a home, the owner or 
prospective owner expects to get a complete bathroom. He 
does not buy a bathtub-first and a few months later a wash 
basin. Nor does he wait a year to get a medicine cabinet 
provided he has not spent all his money for a radio set. 

Why not buy (or the electrical industry sell) the complete 
electrical home equipment in the same manner? There has 
nersisted in electrical appliance merchandising, a piecemeal! 
system of buying and selling. The housewife first obtains 
an electric iron. Later she may purchase a vacuum cleaner. 
Perhaps then she will buy a washer. Eventually she may 
have a complete electrical home, if the money has not been 
spent for something else. 

The appliance committee this year had made a study of 
the latest development in electrical appliance merchandising 
—the group selling plan—designed to overcome some of the 
shortcomings of the older methods of appliance selling. This 
program as adopted by some of the power companies has 
been studied thoroughly. As a result of its investigations, 
the committee has reached the conclusion that, like anything 
new and novel, the plan must be explained and its benefits 
pointed out to the industry. 

In arriving at the method by which this educational work 
might be done most effectively, the committee hit upon the 
idea of preparing and producing a playlet based upon the 
group seliing idea. The assistance of Miss Alma Freeburg 
of the publicity department of the Coast Counties Gas and 
Electric Company and of Fred Foy of the San Joaquin Light 
& Power Corporation was secured, and the playlet, “Meet 
Mr. Santa Claus,” was the result. This playlet was pro- 
duced for the first time at the Commercial Section Conclave 
in Fresno, March 20-21, 1930, by a cast composed of mem- 
bers of the San Joaquin Light & Power Corporation and the 
Valley Electrical Supply Company. It elicited much fav- 
orable comment. 

The appliance committee offers the text of this playlet 
«zs its report this year, feeling that a mere reading of it 
will do much toward furthering the idea of group appliance 
selling. The committee urges that commercial manager and 
appliance sales managers take advantage of the manuscript 
of the playlet and have it produced before sales conventions 
or before any gathering of electrical men. The complete text 
of the playlet follows: 


Meet Mr. Santa Claus 


CAST 


Mrs. Larsen, the housewife. 

Mr. Vance, the high powered salesman. 

John, who knows all about washing machines. 

Mr. Reese, the central station representative. 

Miss Hill, the bride to be, who is having a struggle to make 
finances include new furniture. 


SCENE :—Living room in an average home, with door leading 
off stage on one side, which can be used for an outside entrance, 
and a second door to lead into another room. Room should have 
rug on the floor, table, chesterfield set, and extra chairs. 

An electric iron and cord also will be needed. 

As the scene opens, Mrs. Larsen is sitting in a rocking chair 
by the window, busily sewing. The door-bell rings loudly. With 
a look of annoyance she puts her sewing to one side and answers 
the bell. As she opens the door, Mr. Vance, the high-powered 





* Report of appliance committee, Merchandising Bureau, Commer- 
cial Section. Pierre Vinet, chairman. A. W. Althouse, vice-chair- 
man. R. F. McDonald, vice-chairman. E. E. Bacon, R. A. Best, 
J. P. Bowien, L. J. Brundige, O. S. Clifford, H. L. Garbutt, W. C. 
Greene, W. C. Heston, R. W. Kimberlin, Elbert Kramer, C. E. 
Louis, E. W. Meise, E. D, Minnick, F. A. Mulvany, C. A. Russell, 
J. W. Wrenn. 
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salesman, immediatly places his foot in the door so it cannot be 
closed and begins to talk very hard and fast, so Mrs. Larsen 
cannot get in a word. 

Mr. V.—Good morning, Mrs. Larsen. Isn’t this a lovely 
day? I am A. R. Vance and have called to demonstrate the 
new “Highpower” vacuum cleaner. 

Mrs. L.—But I’m not interested in— 

Mr. V.—Oh, but my dear Mrs. Larsen, you must be inter- 
ested in this new sweeper. It is the most modern and up to 
date on the market. It is used by many of your neighbors, 
in fact, it is used in all of the best homes. The “Highpower”’ 
is a motor driven, brush type, which authorities concede to 
be one of the most efficient and practical on the market. It 
has a full set of attachments, including those for floor 
polishing. 

Mrs. L.—But I’m— 

Mr. V.—Also this cleaner can be used with proper attach- 
ment for the holding of napthalene or paradichlorobenzene 
crystals, which are broken into fine particles and forced into 
the pile of the rugs, aiding in exterminating moths. We also 
have this small hand cleaner, which is ideal for the cleaning 
of clothing, draperies, carpets and upholstery, effectively re- 
moving dirt, and it is much more convenient to handle than 
the old method of using attachments with the larger cleaner. 

Mrs. L.—But I’m— 

Mr. V.—You will be delighted with the ease with which 
this “Highpower” cieaner will make your rugs look like new. 
Allow me to demonstrate— 

(Salesman steps through door, picks up small rug, beating 
it on back with hand causing much dust to be emitted.) 

Now you will see that this rug has been cleaned thoroughly 
hy the mere process of passing the “Highpower” over the sur- 
face, yet it is absolutely harmless to the rug, takes up the 
small particles which result in wear and cutting caused by 
walking on the rug, and leaves it absolutely clean. You can 
readily understand that a rug cleaned regularly and thor- 
ecughly will give longer and better service than one not given 
the proper care. You cannot take the best care of your rugs 
without one of these “Highpower” cleaners. 

(Mrs. Larsen has remained standing until now, but sinks 
nto a chair on attempting again to get in a word.) 

Mrs. L.—This is very true, but— 

Mr. V.—You will be delighted with the ease with which 
the “Highpower” cleans and picks up dirt. Allow me to 
demonstrate— 

(Scatters a handful of finely torn paper on floor.) 

Mr. V.—We will scatter this finely torn paper over the 
floor; (plugs in sweeper) you realize, of course, how difficult 
this is to remove with a broom or ordinary cleaner, yet the 
new “Highpower” removes it with no difficulty. See, every 
scrap is taken up. Another feature you will note— 

(Removes and opens dust bag, spilling purt of contents on 
floor again.) 

—is the ease of removing the contents of the dust bag. 

Mrs. L.—I understand all that, but— 


Mr. V.—Another use which is perhaps not so universally 
recognized, but for which you will find this new cleaner 
most effective, is that of cleaning bare floors. 

(Moves chesterfield slightly, showing a collection of dust 
and lint, much to Mrs. L’s. embarrassment.) 

See, before the dust mop is used, just adjust the nozzle to 
its lowest point and it will remove all dust and lint which 
accumulates beneath beds and furniture. 

Mrs. L.—We have— 


Mr. V.—But until you have tried one of these new cleaners 
you do not appreciate of how much service a real vacuum 
cleaner can be. And now for this small model. It is ideal 
for the cleaning of upholstered furniture. 


(Removes pillow from chesterfield, and puts it down on 
chair, raising quite a bit of dust, and disclosing handkerchief 
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and book placed beneath it, which are hastily removed by 
Mrs. Larsen.) 

Mr. V.—(Disconnecting large model and plugging in small.) 
With this small model we have a complete service for this 
type of work. 

(Runs cleaner over small section of chesterfield.) 

Mrs. L.—It works very nicely, but— 

Mr. V.—And another important feature of these cleaners 
is that they are constructed with the proper type of bearings 
and need no oiling, which is as it should be for your own 
interest. I am sure that you cannot afford to be without these 
two “Highpower” cleaners. (Takes contract and pencil out 
of pocket.) I have made out a contract and all you need 
to do for these two efficient cleaners to be delivered at your 
home is to sign on this line. We are making a special offer 
for a few days of these two cleaners for only $75, 10 per 
cent down and $5 per month on the balance. Just sign here. 

Mrs. L.—But, as I tried to explain before, my husband 
gave me a “Highpower” cleaner and all attachments for 
Christmas, but we have had to return it for some repairs, 
that is why my floors and furniture have not been cleaned. 
It should be back tomorrow. 

Mr. V.—(Crestfallen and making a rather hasty exit.) 
Oh, J beg your pardon. You should have said so before I 
took so much time. Thank you just the same. Good day. 

Mrs. L.—(Closes door, puts cushion back in place, gathers 
up the papers left on the floor where he did not run the 
cleaner and settles down in chair once more and picks up 
sewing.) A whole half hour wasted. It will be lunch time 
before I know it. 

(Door-bell rings again.) 

What, again! 

(Mrs. Larsen once more puts her sewing to one side and 
goes to door. On the threshhold stands a woung man, whom 
she calls by name. He has briefcase in hand.) 

Mrs. L.—Why, good morning, John. What are you doing 
out here during working hours? 

John—Well, you see, Mr. Seymour is putting in a new line 
of washing machines and he thought you might be interested. 

Mrs. L.—Well, John, I am—but they are so expensive, 
although they are a great comfort and convenience. 

(While Mrs. Larsen is speaking, they both come into the 
room and sit down. John takes his pamphlets out of the 
briefcase and spreads them on table. He unfolds large cir- 
cular, with photograph of washing machine.) 

John—This is the new Deluxe Porcelain Tub Agitator 
Washer, and has been designed to meet a new demand. Of 
course this illustration does not do it justice, and we should 
iike to have you stop in and see it—or, of course, we would be 
glad to arrange a demonstration. 

Mrs. L.—Well, it is nice looking, but I have been sending 
most of my laundry out. The laundries give us such good 
<ervice and they’re really not expensive. 

John—But just look at this tub, it is made of Monel metal 
which gives this washer all the beauty of silver and is ever- 
lasting—a solid rustless metal whose luster age cannot affect 
and which possesses extraordinary strength and durability. 

Mrs. L.—I don’t know where I’d put a washing machine 
right. now if I did get one. 


John—See how this tub is mounted on a heavy pressed 
steel base, with four pressed steel legs, electrically welded 
and riveted, then finished in gray lacquer. 

Mrs. L.—How much room does it need? 


John—Oh, this washer only weighs 146 lb. including its 
144-hp. motor. 


Mrs. L.—How much will it wash at one time? 


John—It has a capacity of 6 lb. I think it is interesting 
the way the mechanism is enclosed in cast iron and steel 
housing. All cut gears. 


Mrs. L.—Cut gears? What are cut gears? 
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John—Why, they are cut gears. Splash lubrication—direct 
motor drive. The entire mechanism and motor is hung from 
base stamping, providing absolute stability and protection 
from moisture and dirt. 

Mrs. L.—Can you use an ironer with this machine? 

John—Oh, yes, Mrs. Larsen. The swinging wringer is, re- 
movable, reversible and all metal. And it is cadmium plated 
and lacquered in gray. It can be locked in four positions, 
has balloon rolls 12x2% in., a safety release and single 
tension screw. Oh, yes, and the number 0 attachment ironer 
fits this model. 

Mrs. L.—Is it liable to break down often? 

John—We carry a full line of parts and can make any 
replacements for you. However, this machine has been thor- 
oughly tested in our factory, and is guaranteed for at least 
fifteen years’ service. 

Mrs. L.—Well, I am not quite ready to buy a machine yet. 

John—I am sure you would be pleased with this machine, 
if we could just give you a demonstration, so you could see 
how smoothly and silently it runs, and how sturdily it is con- 
structed. 

Mrs. L.—Well, we may be away next week. I don’t think 
we'd better plan a demonstration right now, John. 

John—All right, Mrs. Larsen. I’ll call back about the first 
of the month. And I know you’ll want one of these washers, 
at only $129.50. Why, there were more than 1,000,000 
washers sold in the United States last year. 

Mrs. L.—We’ll see. How’s your mother? 

John—Oh, she’s feeling pretty well these days. (Gathers 
folders and starts ioward door.) She’s just back from a trip 
up north— Well, I’ll see you again soon about this machine. 
Goodbye. (Fvxit.) 

(Mrs. L. draws long sigh of relief and once more settles 
down to her sewing.) 

Mrs. L.—This morning has been the limit. If one morg 
salesman calls I’ll wash him in his own suds. And anyway, I 
never did have a head for figures, though maybe I will need 
«a washer some day. Well, it won’t make much difference 
what metal is in the tub so long as the clothes there get some 
attention. 

(Door bell rings once more.) 

Mrs. L.—What, again! If that’s another saleman— 


(Opens door. There stands the representative from the 
sentrul station. He will need briefcase, catalogs with pheto- 
graph of range, water heater, refrigerator, percolator, w affle 
iron and heater, also small pair of pliers.) 


Mr. Rees—Good morning, Mrs. Larsen. (Hands card bearr 
mg name and central station name.) Our records at the 
electric office show you are using an electric iron, vacuum 
cleaner, range and water heater, and we are anxious to know 
if they are all giving you satisfactory service. 

Mrs. L.—Everything but the iron. It doesn’t heat — 
and I’ve only had it a short time, too. Maybe that’s the 
trouble. My neighbor says too much short is the trouble with 
electric things. 

Mr. R.—May I take a look at it? Perhaps I can fix it. 

Mrs. L.—Of course, come in and sit down while I get it. ’ 

(Rees enters and takes chair, while Mrs. L. goes into other 
room and returns with iron and cord.) \ 

Mrs. L.—My husband tried to fix the. voltage, but ‘that 
didn’t. help it any. i 

Mr. R.~(With surprised look.) Voitage? (Takes ion and 
cord.) ) 





Mrs. L.—Yes, he said if he could tighten up the voltage, it 
might work all right. \ 

Mr. R.—(Hides amusement as best he can.) ‘Oh, ‘I see. 
Here’s the trouble. The wire in the cord is broken, but 4 
can easily fix that. ’ ' > 
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(Takes smali pair of pliers from briefcase and repairs tron 
connection while conversation continues.) 

Mr. R.—I am sure you enjoy using your electrical appli- 
ances very much, and a little heat would be very comfortable 
this kind of weather, too, wouldn’t it? 

Mrs. L.—Yes, it would, and I need some other electric 
things, but they are so expensive I can’t buy now. And 
anyway, you are about the sixteenth salesman to call here 
this morning and you might just as well not try to sell me 
anything. 

Mr. R.—But wouldn’t you really like to have these appli- 
ances, if I can show you how it can be done at a price you 
can pay easily? 

Mrs. L.—Yes-s—but— 

Mr. R.—Just what group of appliances would be of the 
most help—toaster, waffle iron and percolator, or cooker, 
toaster and air h2aetr, or just what would you like most? 

Mrs. L.—Say, what is this—a game? Well, I really want 
a waffle iron, percolator and heater, but I can’t afford them. 
I told you you couldn’t sell me anything this morning. That’s 
my story and I’m going to stay with it. 

Mr. R.—Purchased separately, the payments do mount up, 
but your electric company can make this kind of an arrange- 
ment with you. The waffle iron, percolator and air heater 
make an excellent combination, which you can purchase as 
ene unit, making only the usual 10 per cent down payment, 
and then instead of paying the balance on each in four or 
six months at the most, it can be arranged in twelve pay- 
ments, which reduces your payments from one-third to one- 
half the amount on individual units. 

Mrs. L.—Well, that might be all right if the payments 
were small enough. Remember, I’m just a poor housewife 
trying to get along. 

Mr. R.—In this way you have the convenience of the com- 
plete set and can enjoy using all of them right away, with- 
out buying first one and then the other. And at the same 
time, the payments are about the same as for the one 
appliance. 

Mrs. L.—Well, there’s nothing wrong with that idea. Have 
you a good heater for the bathroom? 

Mr. R.—F¥or the average size room, we recommend this 
heater and it is plenty large for auxiliary heat in the play- 
room or in a bedroom, should anyone be ill. (Shows illus- 
tration.) 

Mrs. L.—Mr. Larsen saw one like that in the window and 
liked it very much. But how about the waffle iron and per- 
colator. We might as well do this up right. 

Mr. R.—(Showing illustration.) This waffle iron will 
probably be most satisfactory to you, although we can offer 
several types. 

Mrs. L.—That’ll do, I guess, although Sam is a bad man 
on waffles. And about a six-cup percolator will be large 
enough. That’s two for me and four for Sam. But now, 
how much is this going to cost each month? Whatever it is, 
it’s too much! 





Mr. R.—These appliances will call for a down payment of 
only $4, and $2 a month, in place of $6 under the old plan. 
You will get a great deal of enjoyment out of them, and 
that’s not much to pay! 

(Mr. R. makes out contract while talking.) 


Mrs. L.—Why, that’s not much. I ¢an sneak that out of 
my housekeeping money. Why haven’t you been around be- 
fore, Santa Claus? What the heck have I been doing sitting 
around without a waffle iron, percolator and heater? 

(At this point Mrs. Larsen’s sister, Ruth Hill, bursts into 
the room and does not see Mr. R at first.) 

Miss H—Oh, Sue, I think every salesman in this town’s 
trying to sell us something Tor the new house. I never saw 
so many in my life. (Sees Mr. R. for first time.) 

Oh—I beg your pardon. 
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Mrs. L.—My sister. Miss Hill, Mr. Reese. My sister is 
building a new home on the Heights. (Turning to sister.) 
Mr. Reese has just been explaining to me how to get a heater, 
waffle iron and percolator for nothing down and a dollar less 
every month. 

Miss H.—But Sue, don’t be silly! It can’t be done. I 
ought to know. 

Mrs. L.—Take it from me, it can be done. Let him ex- 
plain, but hang on to your money bags. 

Mr. R.—Yes, Miss Hill, I think perhaps this well help 
solve your problem, too. 

Miss H.—Well, let’s hear about it. It sounds new, but I’ve 
heard a lot of sales talk. I saw the best stove at Parker’s 
and a dandy water heater at Smith’s and I need a refrig- 
erator, too, but the payments come to so much we will only 
be able to get the stove, I guess. It’s a hard life. Never be 
a bride, Mr. Reese. 

Mr. R.—Thanks, I won’t. You might as well enjoy all 
three and have the convenience of an electrical kitchen with- 
out waiting. We can offer you the range, refrigerator and 
water heater, in a group with only a down payment of $54.50 
end $21 per month, giving you practically twice as long as 
you usually have to pay for them. 

Miss H.—It sounds all right, but there’s probably a catch 
somewhere. Anyway Phil has a friend in the electrical busi- 
ness; also the paint, furniture, shoe and what else have you 
business, and— 

Mr. R.—Of course, he can make arrangements with him to 
make the installation, and the electric company will carry 
the account just the same. However, we carry only standard 
appliances and are in a position to give you the best of 
service in any case. 

Miss H.—Yes, your company is just as regular as Sue 
says its bills are. And anyway, Phil’s friends all turned up 
when we started to buy. But now, about what size refrig- 
erator would you recommend? One that will hold the food 
as well as the bottles. 

Mr. R.—(Showing illustration.) This size is the most 
satisfactory. The other is too small for the usual home, and 
is best for only small apartments. And for the range you 
will need a three-holer, with oven, complete heat control, 
and I would recommend this one. 

Miss H.—Yes, that’s right, we have to eat, don’t we? Have 
you got one with an electric can-opener? 

Mr. R.—And this water heater will be best with the range. 
This gives you an excellent start for a complete electrically 
quipped kitchen, and is much more satisfactory than buying 
piece at a time. (Makes contract.) 

Mrs. L.—Well, it looks to me like you’re going to buy 
something today. 

Miss H.—Well, that makes two of us, dearie. But I didn’t 
want to buy anything. Now the fun begins. Well, I’ll take 
a chance if you will. (Signs contracts and makes out check 
while continuing conversation.) I don’t know whether to 
tell ysu to hurry to the bank with this or to hold off. It’ll 
probabiy come back either way. 

Mr. R.—And where should these be delivered? 

Miss H.—At 14 Fairwood Heights. The house will he 
ready the last of next week. Can we have them installed 
right away? 

Mr. R.—Oh, yes. We can deliver them by that time, also 
we can make you similar arrangements for the purchase of 
jaundry ejuipment, or any other appliances. 

Miss H.—But I’m not going to buy any small appliances 
—maybe we’ll get enough given to us so we won’t have to! 
A bride ought to get something out of getting married! 

Mr. R.—You will, I think. We will see you about them 
later then. And Mrs. Larsen, your appliances will be de- 
livered tomorrow. (Making exit.) Thank you very much, 
and be sure to advise us if anything does not operate prop- 
erly. Good day. (Evit.) 
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Miss H.—(Closing door, looks rather. foolishly ather sister 
and then laughs.) And I came over here to get way from 
salesmen! 


Curtain. 


(FINIS.) 


Selling Appliances* 


Small appliances have hitherto been somewhat neglected 
owing to the greater incentive to salesmen in the larger 
commissions from the sale of the larger equipment. The 
committee recommends the encouragement of a greater 
employee interest in appliances, both by selling them 
appliances for their own use on attractive terms and by 
suitable commissions offered for the sale of appliances 
through other than the regular sales force. Attention 
should be given to repairing or replacing appliances 
which are absolete or out of order. The appliance com- 
mittee believes that the entrance of the central station 
into the merchandising field greatly stimulates the sale 
of convenience outlet appliances. The group selling plan 
ts recommended to central stations for their considera- 
tion as a means of increasing kilowatt-hour consumption. 


Swe appliance committee for the years 1929 and 1930 
consisted of nineteen representatives from all parts of 
California, Reno, Nevada, and Phoenix, Arizona. These men 
not only represented various central stations in these west- 
ern states, but included also representatives of manufac- 
turers or distributors of standard electrical appliances. The 
subjects outlined herein, therefore, were discussed from 
various angles, the manufacturer’s viewpoint, the central 
station angle, and the customer’s needs all being considered. 
It was the purpose of this committee to discuss and make 
plans for a greater distribution of convenience and outlet 
appliances. 

{t was generally agreed that central station salesmen, 
working on a commission basis, found it more profitable to 
sell the larger appliances and naturally neglected somewhat 
the sale of smaller appliances. It was generally agreed 
that manufacturers, dealers and central stations should 
tmake an effort to encourage a greater employee interest in 
merchandising. This interest is to be created through the 
use of more appliances by the employees, to be made avail- 
able at more substantial discounts. It was felt, also, that 
this could be accomplished by having manufacutrers or dis- 
tributors prepare displays for employees only, the idea be- 
ing to acquaint them better with the latest electrical devices. 
There is no question in any one’s mind that the employee 
familiar with appliances being sold by his own company 
is one of the greatest advertising mediums obtainable. 

To tie in with this, it is further recommended that a fair 
remuneration be given employees (excluding, of course, reg- 
ular sales people) to increase appliance sales by the rank 
and file. 

The subject of proper compensation was discussed from 
various angles, but the committee feels that this is a prob- 
lem for each individual central station to decide. 

The advisability of merchandising electrical appliances 
on the family budget plan was discussed. This subject was 
brought up for discussion because of the fact that many 
other merchants, outside of the electrical industry, are very 





* Prepared for appliance committee, Merchandising Bureau, Com- 
mercial Section. Pierre Vinet, chairman. A. W. Althouse, vice- 
chairman. R. F. McDonald, vice-chairman. R. E. Bacon, R. A. 
Best, J. P. Bowden, L. J. Brundige, O. S. Clifford, H. L. Garbutt, 
W. C. Greene, W. C. Heston, R. W. Kimberlin, Elbert Kramer, 
Cc. E. Louis, E. W. Meise, E. D, Minnick, F. A. Mulvany, C. A. 
Russell, J. W. Wrenn, 
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successfully using such a budget plan: This subject was 
also left to the individual central station for its personal 
adjustment. 


It was generally agreed that more kilowatt-hours per cus- 
tomer could be sold through the rehabilitation, or trading 
in, of appliances now in customers’ homes. 

Many homes have appliances that are not being used, due 
to the element being burned out, or the appliance not having 
received proper service. The recommendation along this line 
was that if such a case comes to the attention of employees 
of the central station, efforts should be made to interest the 
customer in servicing this appliance so that it can be prop- 
erly used, or he should be encouraged to replace it com- 
pletely, or trade it in, where such arrangements can be made 
on a newer appliance. 

It is the observation of the appliance committee, borne 
out by facts, that convenience outlet appliafice activity is 
far greater in communities where the central station is ag- 
gressively merchandising. Many central stations are 
greatly increasing the kilowatt-hour consumption per domes- 
tic meter through harmonious dealer co-operation. 

A great deal of discussion has been going on throughout 
the country among central stations, manufacturers and 
dealers, as to the group selling of electric appliances. This 
plan, in brief, is one whereby every effort is made to sell 
a customer two or more appliances at one time. In cases of 
this kind longer terms can be arranged. 

The appliance committee recommends to the Merchandis- 
ing Bureau that this group selling idea be given a great 
deal of thought by all central stations who are desirous of 
immediately increasing their kilowatt-hour sales to their in- 
dividual customers. It must be understood that this is not 
only applicable to convenience outlet appliances, but the 
groups can be arranged to suit the customer’s needs. In 
other words, a group can consist of a refrigerator, range 
and water heater, or range, water heater and air heater, 
as well as a group of table appliances. These groups, as 
stated should be arranged as needed by the central stations 
and to suit the requirements of each customer. 

It is thought that group selling should not materially in- 
crease down payments or monthly payments. 

The appliance committee has written and produced a play- 
let, on this subject, depicting exactly how this group selling 
plan works out, using as a comparison the sale of one ap- 
pliance as against two, three, or more. This playlet is short 
and to the point; copies can be obtained by referring to the 
appliance committee. 

The committee feels that in the above outline it has 
pointed out the most modern ways and means whereby 
small appliances can fit into the Pacific Coast Electrical As- 
sociation’s program for this year, and can assist in carrying 
out their slogan, “More Kilowatt-Hours per Domestic 
Meter.” 


Commercial Cooking* 


The commercial cooking committee this year has con- 
centrated upon the obtaining of publicity, both within 
the member companies and in trade magazines. 


— commercial cooking committee this year concentrated 
upon the obtaining of publicity, both within the central 
station organizations and in trade publications. The plan 
in brief was as follows: 





* Report oi commercial cooking committee, Merchandising Bureau, 
Commercial Section. H. F. Huggins, chairman. E. G. Alberts, A, 
Anderson, O. F. Anderson, W. R. Bowler, R. A. Best, G. W. Cole, 
L. A. Francis, H. L. Garbutt, J. C. Hoyt, P. P. Pine, G. Switzer, 
H. E. Welsh, Geo. Zelhart, 
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1. Each salesman was to obtain photographs and operating data 
on any installations of interest in his territory, bringing out any 
special features and advantages. 


2. He was to arrange for publicity in house organs or trade 
magazines in his territory. 


8. He then sent copies of the photographs and reports to the 
chairman of the committee, who endeavored to obtain further pub- 
licity in local or national publications in other districts. 

4. The chairman also distributed this material to any salesman 
who requested copies. This made it possible for the specialist to 
keep posted on the newest and best installations in other districts 


for use in selling the electric idea to prospects interested in similar 
installations. 


The committee has been successful in having a number of 
articles published in such trade papers as Western Baker, 
Cafeteria Management, Western Restaurant and Pacific 
Marine Review. The committee has on file for later use a 
number of interesting photographs and data pertaining to 
commercial cooking installations. 

The committee recommends a continuance of the present 
policy for the coming year, as it believes the future of electric 
cooking equipment rests largely in the hands of the power 
companies and that if their employees are thoroughly ac- 
quainted with the possibilities of this type of equipment, it 
will materially help its sale. 


Selling Ranges* 


HE results of the work of the various subcommittees of 
the 1929-1930 range committee are as follows: 


EMPLOYEE RANGE CAMPAIGN 
R. E, Larson, chairman, 


The work of the committee consisted of planning and car- 
rying on an employees’ range campaign, embracing all em- 
ployees of the electrical industry. Because of the wide scope 
of the activity final reports are not available. However, we 


feel that the final results will show approximately 1,000 
ranges sold. 


EDUCATIONAL SUBCOMMITTEE 
A, W. Krueger, chairman. 


The educational subcommittee arranged for the presenta- 
tion of a talk on “The Home Electrical” before service and 
women’s clubs and other like gatherings. Through these talks 
they were able to put over the electrical home idea to between 
2,500 and 3,000 people. Direct sales have been traced to 
these talks, so there is no doubt of their merit and desir- 
ability. 

PROVED CAMPAIGN METHODS 
A. F. Morairty, chairman. 


This subcommittee’s work consisted in the gathering of 
proved merchandising ideas and practices and in setting up 
a program of procedure for laying out successful campaigns. 
This committee has succeeded in putting out a very valuable 


piece of work which it is hoped will be of use to member com- 
panies in future campaigns. 


MINIMUM RANGE WIRING SPECIFICATIONS 
P. V. Moffatt, chairman. 


This subcommittee continued with the work of last year’s 
range committee in getting a more general acceptance of the 
minimum range wiring specifications. They were particularly 
successful in that they have added, to the original list of 103, 
nine more cities that have adopted the specifications. 


* Report of the range 


committee of the 
Commercial Section. 


W. S. Fleming, chairman. P. H. 
C. Bragg, C. H. Calef, J. A. Clark, H. J. Drexel, A. W. Elliott, 
<. M. Hess, J. H. Jamison, A. W. Krueger, Myron McNeal, J. H. 
Mead, E. W. Meise, P. V. Moffatt, A. F. Morairty, E. F. Perkins, 
Monty Pfyl, G. M. Rankin, J. S. Ross, R..M. Turnbull, J. W.-Wrenn. 
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Merchandising Bureau, 


Booth, R. 





WATER HEATING SUBCOMMITTEE 
H. H. Fogwell, chairman. 


This subcommittee undertook the revision of the last 
P.C.E.A. Water Heating Manual. The work has been carried 


to completion, but owing to the lack of funds will not be 
printed this year. 


RECOMMENDATIONS 


The range committee has the following suggestions to 
make: 


1. That employee range campaigns be conducted next year. 

2. That a water heating committee be appointed, apart from the 
range committee, that this committee be headed by this year’s sub- 
committee chairman, and that the work of the present water heat- 
ing subcommittee be carried to completion next year. That next 
year’s water heating committee consider the advisability of an 
employees’ water heater campaign. 


3. That further work be done on the acceptance of the minimum 
range wiring specifications. 


4. That next year’s range committee investigate the possibility 
of the convenience outlet for range installations. 


Selling Electric Refrigeration* 


The refrigeration committee this year has endeavored 
to develop a more friendly competitive spirit in the sell- 
ing of electric refrigerators. A survey of employees of 
electric companies revealed that 5.1 per cent own electric 
refrigerators. The committee recommends that greater 
attention be paid to employee sales, that the manufac- 
turer be urged to make more liberal terms to employees 
of the electrical industry and that a co-ordinating body 
be formed to aid in establishing uniform merchandising 
policies on the part of all selling electric refrigerators. 


HE committee on refrigeration has made a definite ef- 

fort to develop a more friendly competitive spirit between 
the sales organizations of the various electric refrigerator 
companies. This work is of such a nature as to make im- 
possible accurate measurement of results, but the committee 
believes that its overtures have been worth while. 

A survey covering seven establishments in the electrical 
industry on the Pacific Coast shows that of a total of 16,938 
employees, only 1,014 are electric refrigerator users. This is 
approximately 5.1 per cent saturation. The committee rec- 
ommends that sales campaigns aimed primarily to develop 
consumer acceptance of the electric refrigerator, be turned 
inward and made effective by increasing employee sales. 

This committee participated in the work of presenting an 
educational playlet at the Fresno conclave depicting some 
of the problems met by the merchandising salesmen. 

Believing that the electrical refrigerator has not been 
as thoroughly sold to the members of the industry as have 
other comparable appliances, the committee has the following 
suggestions to make to the executive committee of the Com- 
mercial Section: 


1. That the national refrigerator committee be urged to use its 
influence in the promotion of a more liberal policy on the part of 
manufacturers in the matter of prices on refrigerators sold to the 
employees of the electrical industry. 

2. That a co-ordinating body of the P.C.E.A. be formed with a 
view to establishing uniform merchandising policies on the part of 
manufacturers, distributors, dealers and utilities handling electric 
refrigerators. It is felt that this co-ordinating body might be either 
a separately organized group, or that this activity might be assigned 
to some section or committee already functioning. 


* Report of refrigeration committee, Merchandising Bureau, Com- 
mercial Section. R. G. Kenyon, chairman. W. C. Heston, A. W. 
Krueger, G, ‘Bittle, E. W. Meise, E. A. Norton, C. H. Paulin, R. 
7T. Stephens, J. R. White. 
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POWER & HEATING 


Agricultural Power* 









CONCLAVE CENTER OPERA HOUSE 


POWER BUREAU SHOWS CO. 


Presents 


SIMON DIGGINTOILER, STRANGER! 


or 


THE CURSE OF MISUNDERSTANDING 


By FRED C. FOY 


A Drama of the Public Utility Business in One Act 
With an All-Star Cast 





CHARACTERS 
(as they appear) 

Jack Dalton, too busy to realize - - - - - Mr. Fred C. Foy 

Patience Browning, who pays the mortgage - Miss Betty Drummond 

Simon Diggintoiler, not as mean as he looks - Mr. Garrett Van Buren 

Aubrey B. Slick, the modern business man - - Mr. Sydney W. Green 

Auditory Assistant, seldom seen - Mr. Howard W. Sullivan 






















—o— 


Place—Virginity Hollow Office, Great American Power Co. 
Time—1897. 
_ o— 
SYNOPSIS 

“I fear he is in a temper.” “Curse you, Jack Dalton.” Diggintoiler’s 
news. “You can’t do that!” A farmer’s savings. “I can explain.” A simple 
farmer wins. The threat. Fair womanhood suffers. The succor. Enter 
the oil man. “Why do you use it?” The many reasons. The eavesdropper. 


“You Win, Mr. Diggintoiler.” The light begins to dawn. “I can stand 
no more.” Both were wrong. Tomorrow we enter a new day. 





—o- 









Scenery - . . . . - . - - - Mr. Jack Carter 
Properties - - - . - - - Mr. Howard Sullivan 
Costumes - - Eitel Hatter, Roos Bros. 
Music - - - - . . - - Professor Claude Sterling 
Organ - - - - . . - - - Falkenstein Music Co. 












—o— 





The audience is earnestly requested not to throw peanut shells 
on the floor as it not only disturbs the actors but increases the fire 
hazard. The Power Bureau Shows Company specializes in clean, whole- 
some entertainment suitable for young and old. Children in arms or 
under sixteen years of age not admitted without parents. We thank 
you and solicit your renewed patronage. 


In case of fire, walk, do not 
run, to the nearest exit. 


THANK YOU. 









Fig. 1. Program of the playlet enacted by the agricultural power 
committee. 


2E. G. Stahl, San Joaquin Light & Power Corporation, chairman, 
R. C. McFadden, Southern California Edison Company, vice-chair- 
man. 


Central Arizona Light & Power Company: R. H. Bradford, C. T. 
Yates. 


Coast Counties Gas & Electric Company: F. D. Beardsley. 


General Electric Company: E. J. Cipperly, W. J. Delehanty, E. M. 
Ellis, C. R. Owens, M. Rhine. 


Great Western Power Company: G. W. Bernhard, H. E. Brillhart. 
Los Angeles Bureau of Power & Light: C. H. Dye. 
Nevada Valleys Power Company: Noel Pike. 


Pacific Gas and Electric Company: P. S. George, W. H. Park, T. 
A. Wood. 


San Diego Consolidated Gas & Electric Company: P. P. Pine. 


San goons Light & Power Corporation: A. D. Church, G. E. Zel- 
art. 


Southern California Edison Company: R, H. Cates, G. N. Hawley, 
R. C, McFadden, C. C. Stewart. 

Southern Sierras Power Company: W. R. Chawner, D. B..Wheelock. 

University of California: Ben D. Moses, 

Wesix, Inc.: A. Strauch. 


Westinghouse Electric & Manufacturing Company: J. H. Fenton, 
W. P. L’Hommedieu, 


* Report cf agricultural power committee, Power and Heating 
Fureau, Commercial Section. T. A. Wood, chairman. R. D, Beards- 
ley, R. H. Bradford, H. E. Brillhart, W. J. Delehanty, P. S. George, 
Prof. Ben. D. Moses, D, B. Wheelock. 
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BUREAU REPORTS’ 


The agricultural power committee this year has re- 
vised the Agricultural Handbook and in addition has pre- 
pared and enacted a scenario presenting the story of 
farm electrification. 


URING the past year the agricultural power committee 
has revised and added to the Agricultural Handbook, 
carrying out the suggestions made by the outgoinng com- 
mittee of 1929 and making further changes as experience 
showed these to be desirable. Among the additions made are: 


Page 13. Table on horsepower required to lift varying amounts 
of water through various heads. 

Page 15. Frances formula for wier flows, also orifice discharge 
table and formula for submerged orifices and table on amounts of 
water required for crops on different soils. 

Page 17. Discussion on the preparation of water reservoirs. 

Page 19. List of references. 

Page 31. List of references. 

Page 60. List of references. Poultry house lighting. 


The subject of dehydration has been revised to include all 
farm products which may be dehydrated. 

In addition to this work, the committee has concerned itself 
with the preparation of the outline of a scenario which 
should correctly and effectively portray by picture and spoken 
word the desirability of farm electrification. 


Industrial Heating* 


The objectives of the committee during the year have 
been: 


1. Sponsoring and conducting the Pacific Coast Sec- 
tion industrial heating school. 


2. Preparation of industrial heating film, showing Pa- 
cific Coast installations. 

3. Compilation of portfolio of advertising matter on 
industrial heating now being issued and distributed in 
P.C.E.A. territory. 


4. Promotion of attendance at the national industrial 
heating school. 


_ industrial heating committee is pleased to submit the 


following report on its program as outlined for the 
year: 


Industrial Heating School—The committee’s plan of holding a 
F'acific Coast Section industrial heating school has been definitely 
set aside, as the committee has been successful in inducing the 
national industrial heating committee to hold the national school 
in California this year. The committee feels that this is a real 
accomplishment and that the benefits to this section to be ob- 
tained from this school will be more far-reaching than any other 
activity in which the committee could engage. 

Your industrial heating committee has been asked to act as a 
committee on arrangements for this school and has accepted the 
obligation. The date of the national school has been set for June 
8 to 18, inclusive, and the place at Los Angeles. In accepting the 
responsibility of the school, your committee has obligated itself to 
be in continuous service until June 13. 


Industrial Heating Film—The preparation of the Pacific Coast 
industrial heating film was dropped due to the excessive cost of 
production. 

Advertising Portfoitio—The industrial heating advertising portfolio 
has been! compiled in completed form. It is hoped that the brief 





* Report of industrial heating committee, Power and Heating Bu- 
reau, Commercial Section. R. C, McFadden, chairman. G. W. Bern- 
hard, E. J. Cipperly, C. H. Dye, G. N. Hawley, C. R. Owens, A. 
Strauch, G. BE. Zelhart. 
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Fig. 1. Curves showing effect of sales effort on growth of industrial 
heating load. 
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story contained in this portfolio will act as a stimulus to the ad- 
vertising and commercial executives among the Pacific Coast power 
companies, not only to make a greater use of available industrial 
advertising matter supplied by the manufacturing companies, but 
also to develop and expand their own advertising program for the 
purpose of more aggressively campaigning for this load. 

If the committee’s work in this respect is in any manner success- 
ful, the time and expense involved in compilation of this portfolio 
will have been justified. 

Attendance at Heating School—The promotion of attendance at 
the national industrial heating school is now one of the most im- 
portant tasks of this committee. As the school is being held in our 
territory, it is more incumbent than ever upon us to obtain attend- 
ance, as attendance will, to a large extent, be the measuring stick 
of the school’s success. 

Bringing this school into our midst will make available to our 
power salesmen a great deal of information which in the past has 
come to them second-handed. It is hoped that the commercial 
managers of this section will recognize this educational opportunity 
for their power salesmen and will respond by sending just as many 
of their men as possible. 


A PLEA TO POWER COMPANY COMMERCIAL AND ADVERTISING 
MANAGER OF THE PACIFIC COAST 
ELECTRICAL ASSOCIATION’ 


The industrial heating committee of the Pacific Coast 
Electrical Association has decided that industrial heat is just 
as much a commodity which will permit itself to be sold by 
modern merchandising methods as any other service or pro- 
duct which the utilities have to offer. The committee believes 
that it is possible to present an advertising sales message to 
the possible user of industrial heat in such a manner as to 
arouse, first, an interest, and second, a desire. The advertis- 


1Prepared by the industrial heating committee as an introduction 
to the advertising portfolio on industrial heating. 


When Elecrtric Heat Comes in, Guess-Work and Spoilage Go Out 


No Smoke, No Scale, No Fames, No Fire 


sateen 


t 


Fig. 2. A series of four 6-page letters sent to all metal-working industries in the territory of 
the Southern California Edison Company. 
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Fig. 3. A monthly house organ dealing with the application of electricity to agriculture and 
industry, sent to 25,000 Southern California Edison Company consumers. 
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Fig. 4. Trade journal and newspaper advertising used by the Southern California Edison 
Company to tell the story of electrical heat. 
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ing booklet on industrial heating depicts some of the methods 
whereby this sales message may be carried to the consumer. 

The industrial heating load is available; it goes without 
saying that it is desirable. It is the business of the power 
companies and manufacturers of industrial heating equipment 
to locate the potential user for industrial heating and when 
that potential user is located, to carry on a selling campaign 
which will prove to the prospect the desirability and actual 
necessity for using electric heat. 

The advertising campaigns which are shown in the booklet 
are relatively inexpensive. The revenue which can be pro- 


San Joaquin Power Magazine 


Competitive Power* 


During the past year the general power committee has 
collected data on the following subjects: 


I. Competitive power 
a. Diesel engines 
b. Natural gas engines 
c. Steam turbine condensing 
d. Steam turbine delivering process steam 
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San Joaquin Power Co. 
Aids the Advancement of 


Electric Heat in Industry 





Fig. 5. San Joaquin Light and Power Corporation aids the advancement of electrical 
i heat in industry. 


duced ng even one sale of the industrial heating idea is, 
in many:cases, more than sufficient to repay all necessary 
advertising costs which may have been expended. 

Curve A (Fig. 1) indicates the trend of growth of the in- 
dustrial heating load in California, exclusive of Southern 
California Edison Company territory. Curve B (Fig. 1) 
indicates the trend of growth in southern California where 
some effort has been made to secure this class of business 
by tying in with the manufacturer’s advertising. 

With industrial heating business available which offers a 
revenue of at least $20 per hp. per year, together with ex- 
cellent pgwer factor and load factor characteristics, the com- 
mittee feels that greater support in this work is merited. 
The accompanying illustrations of advertising material are 
presenteg simply to emphasize the condition shown in curve 
B, namely, that greater results can be obtained if a more 
widespread use is made of the available advertising material 
and if reasonable. advertising appropriations .are. directed 
toward obtaining this class of business. 
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Detailed information has been secured on the fol- 

lowing points affecting all of the above prime 

movers: 

Legality of proposed undertaking 

. Financing 

First cost installed 

. Operating costs 

. Overhead charges 

. Type of contracts submitted by engine sales- 

men. 

II. Operating steam hammers by air electrically com- 
pressed. 
(This information was secured at request of 
the general power committee of the N.E.L.A.) 


fo to 


Qn ey 





* Report of general power committee, Power and Heating Bureau, 
Commercial Section W. R. Chawner, chairman. F. D. Beardsley, 
G, W._ Bernhard, R, H. Cates, A. D. Church, C. H. Dye, E. M. 
Ellis, W. P. L’Hommedieu, W. H. Park, Noel Pike, P. P. Pine, 
M. Rhine, C. 'T. Yates, 
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III. Electrification of oil fields. 

(This has been a special committee headed by 
C. C. Stewart of the Southern California Edi- 
son Company, Los Angeles.) 

These data, while of exceedingly great importance to 
power salesmen, are too voluminous for presentation in 
a report of this character. They will form the basis for 
a mimeographed handbook which will be made available 
at a later date. The committee, however, feels that there 
are certain phases of the competitive power situation 
that should be brought to the attention of every division 
of the power companies of the territory. This informa- 
tion is included in the following report. 





Overhead Costs— 


Overhead costs, including interest, depreciation, insurance 
and taxes, vary from 1.0c per kw.-hr. to 1.8c (Fig. 1). 


Total Costs— 


Total costs vary from 2.lc per kw.-hr. to 3.1c per kw.-hr. 
for best practice, although figures as high as 7.44c per 
kw.-hr. have been received for a 120-hp. plant, annual load 
factor 25 per cent. Against this, for larger installations, 
such as Phelps-Dodge of 9,000 hp., operating figures of 
0.83¢ to 0.982c per kw.-hr. are claimed. 

Fig. 1 shows graphically the first cost and annual fixed 
charges for Diesel engines varying with load factor. While 
2 100-hp. Diesel can be bought for approximately $68 a 


FIRST COST AND ANNUAL FIXED CHARGES FOR DIESEL ENGINES VARYING WITH LOAD FACTOR 
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Fig. 1. First cost and annual fixed charges 


DIESEL ENGINE COosTS 


i operating cost of an average Diesel plant has 

changed very little from last year, with the exception 
of the fluctuation in the price of fuel oil. Due to the gas 
conservation law and the consequent curtailment in produc- 
tion of oil, it is anticipated that the price of fuel oil will 
take an upward trend. 


Operating Costs— 


Operating costs of an average Diesel engine from 100 hp. 
to 500 hp. with a 25 per cent load factor would appear to 
be as follows: 


TOROWGE GROCETEG PUT avsccesccccsscccesctcttccesse 1.3c per kw.-hr.-on switchboard 
Diesel direct drive plant....1.2c per kw.-hr. on driven shaft or pulley 
Diesel engine alone.................. 1.1c per kw.hr. on engine driver shaft. 
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for Diesel engines varying with load factor. 


horsepower, f.o.b. Los Angeles, the installed cost will run 
approximately $100 a hp. delivered, say, 80 miles from Los 
Angeles. On the other hand a Diesel electric plant will 
probably cost $200 per kilowatt installed and the chart in 
Fig. 1 has been prepared to show the fixed charges incurred. 
These are the charges which the engine salesman attempts 
to cover up, either by his usual purchase-out-of-savings plan 
or time payment basis. 

A chart is also included showing estimated costs for three 
500-hp. Diesel engines direct connected to three 333-kw. 
generators. 

Additional information regarding operating costs of Diesel 
plants is contained in Tables I, II, III, and IV. 

“Industrial Power” in January, 1930, issue gives the fol- 
lowing table of number of internal combustion engines with 
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their total horsepower for the United States for various 
years: 


NUMBFR OF UNITS AND TOTAL HORSEPOWER OF INTERNAL 


COMBUSTION ENGINES 


Year No. Total Power 
Mee 3d 8) Fe oe ee 8,930 
1899 14,334 134,742 
1904 21,515 289,423 
1909 34,356 751,186 
1914 37,483 993,506 
1919 * 30,813 1,258,308 
1923 15,718 1,224,172 
1925 14,454 1,188,082 
1927 12,663 1,170,759 


Discussing this table, the article in question says: 
Some of the units run as high as 4,000 hp., but the average 
capacity is approximately 200 hp. It is reported that around 


440,000 hp. of Diesel engines are installed annually, most of them 
of the mechanical injection type, 


TABLE | 


NN ——— 





Installation Annual 
. Total Load 
Years Hp. Annual Peak Factor 
Data No. of In- Output Load in Per 
Reference Cover Engines stalled kw.-hr. Kw. Cent 
1 ae 2 100-bp. 200 wu Oalde j . 
2 . 1-1926 3 405 470,500 135 17.8 
xy . 1-1927 1 150-hp. 350 317,500 
i— 200-hp. 
erp cineess -oo- 1-1927 abe . 9,000 19,868,720 
1-1926 a 4 9,000 19,706,980 
Bo 1-1925 csccceree 9,000 21,482,180 
§. Utility. ..... 1-1927 6 3,940 11,500,000 3,450 38.5 
6. Ice .. 1-1928 2 360 659,977 186 
7. Mechanical 
Engineering... ...... 2— 330-hp. 660 1,761,000 440 46.0 
August, 1928, 
P. 593 ; ; ; 
8. Palo Alto 1-1927 3—1,750-hp. 1,750 1,209,010 1,200 11.5 
Rano 1-1927 2— 950-hp. 3,940 10,848,000 net 
2— 520-hp. ‘ 11,500,000 3,450 38.5 
: 2— 500-hp. wa 
10. Oil Power ‘ 
11. Oil Power 1-1928 2— 600-hp. 4,312 8,667,825 2,900 34.0 
October, 1928 1— 750-hp. 
banned 2—1,180-hp. dene 759,020 Plant 
7,908,805 Net 
© Mais 1007 adi 1,465 1,955,080 ade - 
12. Power .+. 1-1927 1 365-hp. (986 kw. Gancaa 580 22.64 
Plant 
Engineering. . 2 250-hp 
1 600-hp. 
TABLE Il 


—— eee 
—_—_—_—_— 


Mise 
Pound Kw.-hr. Maintenance Supplied Operating Total 
of Fuel Per and Repairs Water, Ete. Costs Cost 
Per Gal. of | Cents per Cents per Per Per 
Reference kw.-hr. Lubricant kw.-hr kw.-hr kw.-hr. kw.-hr. 
l ($21,034) (over 7 yrs.) 
2 0.846 716 0.594e 0.051 2.809¢ 4.686c 
3 1.420 1.50 0.765 4.120 8.650 
4 0.680 Js 0.064 0.014 0.830 
0.700 0.088 0.018 0.875 
ae 0.735 0.098 0.018 0.982 
5. Utility . 0.794 445 0.290 0.038 1.330 2.080 
6. Ice . 1.040 220 0.120 0.050 1.540 2.270 
7. Mechanical 
Engineering 0.670 900 0.130 ai 1.040 1.380 
August, 1928, P. 593 ; ; 
8. Palo Alto.. re 0.610 1.200 2.300 
q e's ; 0.794 445 0.290 0.038 1.330 2.080 
10. Oil Power 0.780 455 0.213 aia 1.188 
11. Oil Power— 
October, 1928 . 1.540 5,318 0.102 Py 0.908 1.740 
12. Power Plant 
Engineering 0 


666 855 0.106 0.048 1.338 








The first figures available concerning all types of internal com- 
bustion engines, show that a total of 8,930 hp. was installed in 
1889. Unfortunately the number of units in service that year was 
not ascertained, so the average hp. could not be computed. How- 
ever, starting in 1899 the average hp. increased until it was 40.7 
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in 1919, and 78 in 1923. The 1927 average was 92.5 hp. and prob- 
ably was higher than last year. It will be noted from accompany- 
ing table that the total horsepower produced by internal combus- 
tion engines started to decline in 1919, but since the total number 
of units has declined at a greater rate, the average horsepower 
has increased. 


TABLE Ill 





Unit Investment 














Total 
Reference Engines Generators Investment Per B. hp. Per Kw 
ee ee 2 100-hp. 5 aed $22,060 $110.00 

Gels Maa enw son 2 100-hp. me 35,174 175.00 

Se 2 120-hp. 2 75-kva. 62,639 $261 

1 165-hp. 1 150-kva. 

eer .. 1 165-hp. ; 93.00 

Oi Gas 1 200-hp. 1 135-kw. 16,540 83.00 

3. 1 200-hp. 1 135-kw. 27,637 138.00 205 

Bid irs niccbicde ne lew keen 1,500-kw. ; 160 

7,500-kw. 125 

Os xs vesnvad 1 120-hp. None 29,328 81.50 

1 240-hp. 
es 2 330-hp. 440-kw. 91.00 137 
Godcccctiaceses Shem Bae 356,368 203 .00 297 
Bee dsiawvademes 1 365-hp. 240-kw. 19,356 53.00 
1 365-hp. 240-kw. 35,000 96.00 
1 250-hp. 168-kw. 29,500 118.00 
1 600-hp. 410-kw. 38,000 63.33 ; 
Mv awasdic atte me. 3 500-hp. 376-kw. 164,923 98.20 146 
Be a ee. dae 1 360-hp. None 23,250 65.00 
15 1 480-hp. 320-kw. 37,800 79.00 118 
TABLE IV 
Date of 
Reference Installation Notes 

ee SG, acadevaes Engines only. 

CNT di bo kae canukawaennhadaaas Engines, building and auxiliaries. 

Ditscntwecend) GOD. eexdaansn 1 165-hp. engine and three generators added 
in 1925. 

Dede ktansde See. esvawawea Engine only, f.o.b. plant. 

Mis hdc eayde SPE. et denwewas Engine, generator and 7 }4-kw. exciter, f.o.b. 
plant only. 

DX cig-Bite db durtacwebaeend baaeor Erected and installed complete. 

Orca wdeusiavadmasaced ....+-..Western Division Mining Congress, Los 
Angeles, Sept. 10, 1925. Phelps-Dodge; 
includes building, H. H. Pratt, chief en- 
gineer. Phelps-Dodge, Douglas, Arizona. 

Diet ccdaee ces Le caida . . Probably no building included, Diesel set-up. 

Dike che ibs oun tae natvanaduaed Palo Alto municipal used for peak cutting, 
1926-27, 18th Annual Report. 

Ras <éeness eee 1915 .. ¢ ae Engines alone installed. 

1915 

1920 .........Engine, Busch-Sulzer type B vertical, four- 
cycle, high pressure air injection, tour- 
cycle. 

| ie Engine, Busch-Sulzer type B vertical, tour 
cycle, high pressure air injection, 6-cyc! 

13 «th . 1928 

14 ; ~ 1927 Full Diesel, direct drive, with all e« it, 
including circulating pumps, c« er, 
5-kw. generator, switchboard, pulley nd 
belting. 

De wedeweus 1927 .........As above, but with generator, f.o 25 


miles from Los Angeles. 


Extensive studies regarding the cost of operation of Diesel 
engines have been made by the American Society of Mechan- 
ical Engineers. Through the courtesy of that organization 
the committeg is permitted to reproduce in Table V. results 
of a number of studies of installations in this country. 


GAS ENGINE COMPETITION 


Gas engine competition is becoming more and more 
intense. True, operating costs on these engines have been 
hard to obtain. A new 60-hp. gas engine delivering a load 
of around 53% b.hp. on pumps was checked to consume 3,000 
cubic feet of gas in 4% hours so that our claim of 12% 
cubic feet of gas per b.hp. seems to be well substantiated, 
though the manufacturer claims ten cubic feet. 


Lubricating Oil— 


The same engine consumed one gallon of 24c oil in seven 
hours on the same load, or 37412 b.hp.-hr. per gal. against 
the manufacturer’s claim of 1500 b.hp.-hr. 
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June, 1929. 


* 
Ue 


These were published by the A.S.M.E 


TABLE V — By kind permission of the A.S.M.E. the following operating costs on Diesel engines are submitted. 
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Cost of Gas— 


The average cost of gas for 200-hp. load with a 35 per 
cent annual load factor in southern California, averages 
around 30c a thousand for 1,000 B.t.u. gas. A typical gas 
engine proposal is available from the committee chairman. 
The figures given in last year’s report on agricultural pump- 
ing and natural gas have not been changed in any way, 
but due to the sales method adopted, namely selling engines 
installed for a small down payment which does not exceed 
the cost of an electric motor, together with the offer of 
accepting the balance out of the estimated savings, has been 
the means of hoodwinking even hardheaded business men 
into the belief that they have no investment and that no 
extra attention over that required by electric drive is neces- 
sary. The first year of operation is of course cheapest for 
the gas engine. The plants that have been in only one year 
or less, are those that are highly advertised. The committee 
has obtained a good refutation of this time payment plan 
and we would particularly impress upon all power sales- 
men the fact that the collections for the engine are not made 
by the gas engine company but by some cold blooded finance 
company who negotiates the paper for the engine company. 

An important report on the gas engine business in south- 
ern California has been collected, consisting of some 26 
pages, and this has already been distributed to members 
of various companies who have requested it. The main 
point of interest is that the gas engine people claim 600,000 
hp. for natural gas engines in southern California, divided 
as follows: 


Oil Industry 
Industrial 
Agriculture 


500,000 
25,000 
75,000 


Total Horsepower 600,000 


In confirmation of the prediction that we may expect more 
and more competition in natural gas we would refer to the 
following data compiled from the Los Angeles Times, Nov. 
9, 1929, which says, “‘79,000,000,000 cubic feet of gas were 
wasted in the air during the year 1928.” The potential value 
of this gas, assuming its heat content at 1,000 B.t.u., and 
12% cu.ft. of b.hp.-hr. on an engine, is 6,300,000 b.hp.-hr. 
or. 4,700,000,000 kw-hr. 

Referring to the paper by George L. Reed read before the 
Oil and Gas Power Division of the American Society of 
Mechanical Engineers, there are 150,000 engines of all types 
engaged in the oil industry throughout the United States. 
These are being augmented at the rate of 15,000 a year, 
and it is estimated the production end of the oil industry 
is spending $30,000,000 annually for these engines. 


Total horsepower—2,205,000, which is divided as follows: 
1,780,000 hp. single cylinder gas engines 
252,250 hp. Diesel engines 
178,750 hp. steam engines 


insurunce of Gas Engines in the Oil Fields— 


Insurance of gas engines is a serious problem to the 
operator and one that should not be overlooked. Consulta- 
tion with insurance men will reveal that rates on gas engines 
are from two to three times higher than for electric motors 
of a corresponding rating. This fact is seldom brought to 
the attention of a prospective engine purchaser. 


CONCLUSION 


Some idea of the comprehensive character of the work 
of the general power company may be obtained from the 
information included in this brief report. As was pointed 
out at the beginning of this report, copies of the complete 
studies of the committee may be obtained by addressing the 
chairman of the committee or the secretary of the association. 
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Engineering Section’ 
ACCIDENT PREVENTION COMMITTEE REPORT: 


The accident prevention committee this year presents 
no formal papers but merely a summary of discussions 
of subjects of common interest which were taken up at 
the various committee meetings. Among these are poison 
oak, snake bite, standardization of first aid practice, 
safety clothing, mechanical resuscitation devices, rubber 
glove testing and educational methods. 


oo work of the accident prevention committee this year 

was carried out along slightly different lines than form- 
erly, in that little attempt was made for preparation of 
papers on specific subjects. With a small committee per- 
sonnel it was thought that greater mutual benefit would 
result from meetings at which the many interesting points, 
common hazards, and new ideas that are continually arising 
with the different individual members could be generally 
discussed. 

This proved to be.quite a prolific field of endeavor and 
many things of value were developed from such discussions. 
Our membership, made up as it is of one or two men from 
each coast company, affords a most favorable opportunity of 
bringing out different experiences from the entire field. 

Many specific matters dealing with causes of injury and 
accident and the methods for overcoming them were discussed 
and in some cases, settled quite satisfactorily. In others, 
research work is still being carried on. 


Poison OAK 


Some member companies have had a great deal of trouble 
with this wide-spread and prevalent cause of disability and a 
great deal of research and experiment work has been con- 
ducted for two years. Mr. Buswell prepared the original 
paper on this subject early in 1929. From this report and 
later discoveries, we find no less than nine substances alleged 
to provide immunity and about a dozen additional substances 
suggested for cures. Most of these have been tried to some 
extent. Results seem to indicate that as a preventative, a 
commercial cream known as “Boon” appears to work very 
well and is easily stored and applied. Ferric chloride, in a 
5 per cent solution of equal parts of alcohol and water was 
also found to be a good preventative. As a cure or remedy, 
powdered quinine is found to be quite effective, while a newly 
developed commercial remedy known as “Cala Poison Oak 


1[Executive Committee: F. R. George, Pacific Gas and Electric 
Company, chairman. R. H. Halpenny, Southern Sierras Power 
Company, vice-chairman. 

Coast Counties Gas and Electric Company: F. S. Thomas. 
General Electric Company: A. G, Jones. 

Great Western Power Company: H. K. Fox, 

Lous Angeles Gas and Electric Corporation: F. R. Knight, E. R. 


Northmore. 

Pacific Gas and Electric Company: H. H. Buell, R. R. Cowles, H. 
T. Sutcliffe. 

San Diego Consolidated Gas & Electric Company: K. B. Ayres. 

San Joaquin Light & Power Corporation: C, E. Schnell. 

Southern California Edison Company: R. G. Boyles, L. L. Conrad, 
N. B. Hinson, R. M. Peabody. 

Southern Sierras Power Company: E. Y. Porter. 

Westinghcuse Electric & Manufacturing Company: A. W. Copley. 


2J. R. Rowe, Los Angeles Gas and Electric Corporation, chairman. 
S. C, Dickinson, Pacific Gas and Electric Company, vice-chairman. 
Coast Counties Gas & Electric Company: F. S. Thomas. 

Los Augeles Bureau of Power & Light: W. L. Smith. 

Lus Angeles Gas and Electric Corporation: Vernon Taylor. 

Pacific Gas and Electric Company: S. G. Olsen. 

San Diego Consolidated Gas & Electric Company: W. E. Richmond. 
San Joaquin Light & Power Corporation: J. M. Buswell. 
Southern California Edison Company: D. G. Macey, Howard Miller. 
Southern Sierras Power Company: J. S. Allan, M. S. Slaughter. 
Westinghouse Electric & Manufacturing Company: David Hall. 
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Remedy” is thought to be the last word in some localities. 
The fact that doctors can not find a specific, or even a fairly 
good treatment in many cases, has led to this present study. 
Although it is still in progress, we believe we are having 
better success with poison oak than formerly. 


SNAKE BITE 


This is also a hazard of no mean proportions in some dis- 
tricts and one that also seems to have many treatments. The 
result of our work was to discard rather completely the old 
method of using potassium permangenate as a remedy after 
cutting the wound open. The most advanced experience tends 
to prove that simple manual methods of cutting, bleeding and 
sucking the wound are quite efficient first aids, while as a 
remedy the new “North American Snake Bite Serum” is 
strongly recommended as surpassing all others. 


STANDARD First AID PRACTICE AND MANUAL 


Different companies have experienced a great deal of 
trouble and expense because of the difference in methods of 
teaching and training first aid methods. This is largely due 
to the different manuals or text books printed on the subject. 
We have initiated efforts to have a national standard first 
aid manual written and adopted so that a man receiving 
training from one company will, upon going with other con- 
cerns in other localities, not find that he has to learn it all 
over again because of a little difference in text books. This 
would be a time, trouble and money saver to all industrial 
concerns. 


INSULL MEDAL AWARDS 


During the past year, the National Electric Light Associa- 
tion has awarded the Insull Medal to four men in our dis- 
trict. These men are: C. E. Seymour, Southern Sierras 
Power Company, E. M. Wiseman, Los Angeles Gas and Elec- 
tric Corporation, E. W. Horsley, Southern California Edison 
Company, and W. T. Buzzell, Southern Sierras Power Com- 
pany. These medals each mean a successful resuscitation 
from electric shock, and their award demonstrates quite 
clearly the value of resuscitation and first aid training. There 
have also been other successful cases in our district where the 
medal was not applied for. 


SAFETY CLOTHING 


There was a general exchange of ideas and experiences as 
to the value and efficiency of additional safety clothing, 
especially rubber protective sleeves and safety shoes. 


MECHANICAL RESUSCITATION DEVICES 


Several newly developed machines and devices for the ap- 
plication of artificial respiration came under the surveillance 
of the committee, but after investigation and trial, the com- 
mittee went on record as not being in favor of them. 


TESTING RUBBER GLOVES 


The testing of rubber gloves is a question that again holds 
national attention. Our committee is likewise conducting 
experiments and tests and getting information as to the best 
method of testing. 


EDUCATIONAL METHODS 


The educational factor in accident prevention has for some 
time been recognized as the largest and most important phase 
of the entire question. This means both education of the 
workman to a realization of his own personal responsibili- 
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ties, as well as the foreman into realizing the important part 
that he plays. Heinrich of the Traveler’s Insurance Com- 
pany has just found by an analysis that out of 10,000 acci- 
dents, 88 per cent of them are due to management and faulty 
supervision. This means that executive and foreman must be 
taught that they are mainly responsible for industrial in- 
juries due to lack of interest, non-application of recognized 
safety methods and improper supervision. Toward this end, 
our committee is bending its present and future efforts. 


Something new was introduced along this line recently in 
connection with joint sessions of the accident prevention com- 
mittee and other committees. Short playlets, films and talks 
will be presented that will be interesting as well as instruc- 
tive. They will convey the idea of the importance of safety 
work to the men in these other committees who are in the 
main part engineers, supervisors, foremen and others who 
could be of great help in putting across our efforts in reduc- 
ing industrial accidents. 


ELECTRICAL APPARATUS COMMITTEE REPORTS’ 


Condensers* 


Operating experience with synchronous condensers 
forms the basis of the following report, with considera- 
tion given to certain weaknesses in design which have 
manifested themselves after the equipment has been in 
service over a period of time. Methods of protection 
against electrical breakdown which have been used are 
discussed as well. 


The relative advantage of various types of cooling 
systems are touched upon and photos of the new hydro- 
gen cooled outdoor units are included, together with 
statements from the utilities operating these units, cov- 
ering their experience and results obtained to date. 


Among the subjects covered are: 


1. Bearings— 


(a) Oil pressure on bearings 
(b) Maintenance recommendation 
(c) Oil leaks 


7H. L. Sampson, Southerr California Edison Company, chairman. 

Rk. D. Likely, San Joaquin Light & Power Corporation, vice-chair- 

inan. 

Allis Chaimers Manufacturing Company: J. G. Corrin. 

Farnham & Cunningham: R, E. Cunningham, 

Garland Affolter Engineering Company: P. H. Affolter. 

General Electric Company: A. Fulton, H. E. Fuqua, O. A. Gus- 
tafson, R. F. Monges, G. P. Mackenzie, J. C. Porter, J. P. 
Price, J. S. Spurck, W. C. Smith, H. C. Stanley. 

Great Western Power Company: C. F. Benham, G. K. Morrison, 
A. Scott. 

Ingalls, Inc., C. E.: C. E. Ingalls, 

Kelman E & M Company: E. K. Sadler. 

Los Angeles Bureau of Power & Light: J. C. Albert, H. H. Cox, 
Cc. P. Garman, O. W. Holden. 

Los Angeles Gas and Electric Corporation. G. M. Babcock, L. A. 
suese, C. B. Judson, J. G. Rollow. 

Pacific Electric Manufacturing Company: E. F. Sixtus, Roy Wilkins. 

Pacific Gas and Electric Company: F. S. Benson, E. A. Crellin, 
H,. G. Keesling, H. A, Laidlaw, H. S, Lane, W. D. Skinner, C. 
W. Smith, H. T. Sutcliffe. 

fan Diego Consolidated Gas & Electric Company: K. B. Ayres, A. 
S. Glasgow, D. G. Kelly. 

San Francisco Engineering Department: P. J. Ost. 

San Joaquin Light & Power Corporation: E, J. Crawford, R. C. 
Denny. P. C. McCorkle, E. W. Otto, C. E. Schnell, D. D. 
Smalley. 

Southern California Edison Company: T. J. Lovell, R. B. Pollock, 
E. W. Rockwell, A. P. Sessions, E, R. Stauffacher, C, W. 
White. 

Southern Sierras Fower Company: Frank Ayres, M. L. Baden, 
Francis Curtis, H. J. Schomberg. 

Thomas Co., H. M.: H. M. Thomas. 

U. S. Motors Company: T. G. Myers. 

Utilities Equipment Corporation: S. P. Russell. 

Ww estinghouse Electric & Manufacturing :Company: J. E. Bridges, 
A. W. Copley, A. H. Enger, P. B. Garrett, W. F. Grimes, D. 
Hall, R. A. Hopkins, W. P. L’Hommedieu, C. C. Potts, R. C. 
Stackhouse, H. S. Warren, W. L. Winter. 


* Report of subcommittee on condensers, electrical apparatus com- 
mittee, Engineering Section. A. P. Sessions, chairman. B. A. An- 
derson, G. M. Babcock, A. W. Copley, H. H. Cox, R. C. Denny, 
H. E. Fuqua, O. A. Gustafson, D. J. Kelly, R. B. Pollock, C. W. 
Smith, A. Scott. 
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2. Rotors— 


(a) Field pole winding construction and support 
(b) Short circuited field turns 

(c) Grounded field coils 

(d) Ground detectors for field circuits 

(e) Collector ring trouble 

(f) Amortisseur windings 


8. Protection— 


Cooling Systems— 


a 


(a) Open air circulation 

(b) Partially closed systems 
(c) Totally enclosed systems 
(d) Hydrogen enclosed systems 


BEARINGS 
Oil Pressure— 


N THE subject of bearings, one company representative 
reports that some trouble was experienced in starting a 
5,000-kva. frequency changer as an induction motor. 
The bearings were drilled and tapped at the bottom and 
piped for forced lubrication by means of a manually operated 





Fig. 1. Leakproof bearing. 
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pump, which forces a film of oil between the shaft and the 
bearings. This decreased the starting current considerably, 
and decreased the starting time 60 per cent. 


Maintenance Recommendation— 


One company reports that it has been their standard prac- 
tice with large machines to install a dial-type thermometer 
and pressure gage on each large bearing. By means of 
checking the recorded temperature and pressure readings 
over a period of time it is possible to anticipate when it is 
necessary to work on the bearings some time in advance, so 
that emergency bearing trouble is practically eliminated. 


Oil Leaks— 


Concerning the improving of conditions in bearings which 
do not retain oil, one company reports that fair success has 
been attained in a number of 35,000-kva. condensers by in- 
stalling a special fan on the shaft inside of the outer shell. 
The fan consists of a thin metal band which clamps onto the 
shaft, upon which short turbine-shaped blades are mounted, 
which tend to draw air into the bearing along the shaft and 
out at the top of the bearings. This counteracts any tendency 
for oil or oil vapor to work out of the bearing along the 
shaft and be drawn into the machine where it serves as a 
dirt collector on the rotor and windings. 

Another case of oil and oil vapor leakage along the shaft 
has been cured completely by the installation of an air seal 
at each end of the bearing. 





Fig.2. Pedestal and bearing to eliminate oil leakage. Oil vapor 
from ring space cannot reach opening where shaft passes through 
pedestal. 


This particular machine is a 15,000-kva. condenser which 
takes air from outside the building, through an intake pit, 
and delivers the exhaust air through a discharge duct in the 
roof of the building. 


The continuous passage of air through the machine causes 
an air pressure in the discharge duct slightly greater than 
the air pressure in the room. A hollow annular metal ring 
was attached to each end of the bearing shell, and connected 
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with 1%4-in. pipe to the discharge air duct from fhe con- 
denser. Thus a continuous stream of air is delivered to each 
annular ring at a gentle pressure. This establishes an air 
seal which not only neutralizes any possible suction which 
might draw vapor from the bearing, but supplies a gentle 
back pressure tending to prevent oil or vapor from leaving 
the bearing. 

Two of the leading manufacturers of electrical machinery 
have reported on the subject of improved design of new 
bearings to eliminate the leakage of oil and oil vapor from 
the bearings. 

Both designs have embodied the same changes and each 
appears to be entirely satisfactory. The changes in design 
are well expressed in one of the reports as follows: 


The problem of preventing oil leaks from bearings is largely one 
of preventing suction on the outside of the bearing housing, tending 
to draw oil vapor from the bearing itself. The accompanying 
sketch shows the present line of bearings for synchronous con- 
densers manufactured by us, and in which we have carried out our 
most recent ideas for the prevention of oil leaks. The oil ring 
guard has been made a part of the casting and extends below the 
oil level in order to minimize splashing and formation of oil vapor, 

This guard is babbitted inside so that the sides of the oil ring 
will bear on babbitt rather than cast iron. Grooves have been pro- 
vided in the sides of this oil ring guard which collect the spray 
or oil discharge from the sides of the ring and carry it back into 
the bearing at the split, rather than allowing this oil to be carried 
around by the oil ring and back into the reservoir. 

A drain has been provided at each end of the bearing shell for 
collecting the oil which drains from the circular oil grooves at the 
end and also the oil which runs out at the ends of the bearings 
and carries it back into the oil reservoir at a point below normal 
oil level. 

The top half of the bearing has also been babbitted in order to 
reduce splashing and formation of oil vapor. 

The keys which secure the two halves of the bearing shell, to- 
gether also serve to prevent oil leaking out between the halves of 
the bearing at the split. 

In order to prevent the escape of oil vapor through sight holes 
for oil rings, tapered reamed plugs have been previded in the hous- 
ings, and steel balls with machined seats in the bearings. The 
tapered plug and ball are fastened together by means of a chain 
to facilitate removal and replacement of the ball. 

At each end of the bearing housing, an air bypass chamber has 
been provided to reduce the suction tendencies to draw oil vapor 
from the bearings. A pipe connection is provided to this chamber 
which prevents the formation of a vacuum or suction. Brass plates 
with a running clearance around the shaft are also provided at 
each end of the bearing. 


Field Pole Winding Construction and Support— 


In one case the field coil shims and wedges worked out and 
struck the stator winding, damaging the coil insulation on a num- 
ber of coils. All field coils were rewedged. In another case the field 
connections opened, due to poor workmanship at joints. 


In still another case serious unbalance developed when the 
bottom turns on two adjacent field coils arced over, short- 
circuiting the complete windings of two adjacent field poles. 
This was caused by the loss of insulating liners for wedge 
blocks between the field poles. The loss of magnetic pull 
unbalanced the rotor to such an extent that those present 
thought there was an earthquake. The machine was shaken 
sufficiently to break two dowels on one bearing pedestal and 
loosen bed plate from cement grouting. 


The field pole windings were removed and a small portion 
of the width ground off at the bottom to increase clearance 
between coils, after which full length liners for wedges were 
clamped into place. 


One company reports considerable trouble from field pole, 
winding collar mechanical breakdown, due to cemented por- 
tions breaking apart. This was on machines of large size. 
The wood collars would shrink. Fiber collars were tried with 
the same result; steel collars were tried but these only stood 
up from one month to one year. 

Single piece Bakelite or Hercolite collars were tried and 
have been satisfactory for one and a half years. 
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Fig. 3. Three-line wiring diagram, No. 3 condenser and equipment, Lighthipe substation, Southern California Edison Company. 
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Short-Circuited Field Turns— 


Only one company reports any appreciable amount of 
trouble from short-circuited turns in field coils. This com- 
pany has had numerous cases which have first made them- 
selves known through vibration and unbalance. In some cases 
field coils were completely reinsulated with asbestos paper 
and mica. This has given perfectly satisfactory service for 
periods varying from six months to one year since these jobs 
were done. 


One manufacturer reports as follows: 


It has been the practice for many years to insulate the turns of 
strap-wound field coils by the use of strips of asbestos placed be- 
tween the turns. These strips are soaked in shellac, and after they 
are placed in position, the field coil is put under pressure and 
heated so as to squeeze out the volatile matter and consolidate the 
coil into a solid mass. 

Some trouble has been experienced on account of short circuits 
between the field turns, and this has resulted in the investigation 
of the asbestos insulation. A high grade of asbestos is now being 
used which is free from the minute metallic particles which wer> 
apparently the cause of past troubles. In some cases we now make 
the turn insulation in three layers, two of the layers being asbestos 
and the third layer being either paper or mica. With this con- 
struction the dielectric strength of the insulation is very greatly 
increased over that of the old method. 


Grounded Field Coils— 


One company reports some trouble from field coils becoming 
grounded. With the regular ground detecting lights and 
alarm relay, difficulty was experienced in determining a 
ground when the ground was on the field poles near the 
middle of the circuit, as the potential for the middle coils 
from ground is very low, consequently the special “flasher” 
ground detector which is described below, was developed. 


Ss 








Ground Detectors for Field Circuits— 


The “flasher” ground detector has been in service for 
nearly a year on several large synchronous condensers with 
perfectly satisfactory results. It is so constructed that a 
sensitive ground relay tests, first one side and then the other 
side of the main field circuit, for ground induction once each 
minute. This changes the potential to ground for every point 
in the field circuit so that a ground at any location is sure to 
be indicated. 

The wiring connections for this ground detector are shown 
on the accompanying wiring diagram for the Lighthipe 
50,000-kva. condenser. 


Collector Ring Trouble— 


One company reports considerable trouble from the de- 
velopment of dark rough spots on condenser field collector 
rings. These spots are uniformly spaced the same distance 
apart as the brushes. With each revolution of the rotor 
sparking occurred under all brushes, which would continu- 
ally grow worse until it was necessary to grind and polish 
the rings. The trouble was apparently aggravated by the 
fact that the brushes were equally spaced. There were six 
brushes on each ring. Three of the brush holders were re- 
versed so that the uniformity of spacing was broken up into 
two groups of three brushes each. Since that time commu- 
tation between rings and brushes has steadily improved. Ir- 
regularity of spacing of brushes on collector rings has a 
lecided advantage over uniform spacing. 


One company reports as follows: 


Considerable trouble has been experienced on a couple of rotaries 
with flashing over between a.c. rings and a.c. rings to ground. 

The riser connections were originally bare; the connections from 
the rings to the risers were bare copper rods slipped through a 
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Fig. 4. 11,500-volt hydrogen-cooled outdoor synchronous condenser, longitudinal semi-section 
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Hercolite or Bakelite tube. The extension of the tube beyond the 
first ring was only % in. The risers were so made that there was 
only about *% in. clearance from the bare connection to the shaft. 
After the first flashovers, it was decided to tape up the risers. 
This was done with very good results for about a year, when 
tlashovers began to occur again. The machine was blown out at 
regular intervals and wiped up but that still did not help matters 
much. During the last two flashovers to ground the shaft was 
badly pitted and bearings needed scraping. 

We dismantled the machine and sent the armature to the shop. 
An inspection of the risers revealed that carbon dust had been 
blown in the crevices of the tape at the joint where the riser was 
soldered to the ring rod, causing a carbon path along the Bakelite 
tube which caused the flashover. 

We then reconstructed the riser connection by soldering a straight 
pressed copper lug on the end of the ring rod, and turning the ring 
rod down to fit the lug. 

The flat part of the lug was then bent up with a radius of about 

4 in., and the leaf copper riser was riveted and soldered to the 
flat part of the lug. This was the same as extending the ring rod 
about 1% in. The Bakelite tube was made new and extended about 
1% in., or twice as far as the old job. 

The riser was taped up, but lapped over the Bakelite tube only 
ibout 4 in., leaving a good clean hard surface of the tube which 
could be wiped off and no place for carbon dust to hold. 

All risers were painted with red paint. The shaft under the risers 
from the first ring to the spider was also taped and painted with 
red * paint. 


1 


This job has been in since May, 1929, with no further trouble. 


Amortisseur Windings— 


One case of machine failure due to burned bars of amor- 
tisseur winding was reported for a 30,000-kva. condenser. 
The bar which caused the trouble burned off at the point of 
connection with the short-circuiting ring, during the starting 
period when the machine was practically up to full speed. 
As the bar burned loose from the ring, it was no longer 
mechanically supported, and being heated, was disastrously 
subject to centrifugal force, due to the speed of the machine. 
It swung outward and raked the windings of the stator, 
causing serious damage to the coils. Following this some of 
the brass bars were changed to copper and the method of 
connection to the short-circuiting ring improved. 

Two cases of trouble with amortisseur windings on fre- 
quency changers were reported. In one case it was stated 
that “the amortisseur winding bars become crystallized at the 
point where the bars are connected to the short-circuiting 
ring, caused by excessive heating through poor starting con- 
ditions.” 

Frequency changers are subject to severe strains on the 
amortisseur windings during periods of system trouble in 





Fig.5. Outdoor hydrogen-cooled 11,500-volt synchronous conden- 
ser, Appalachian Power Company, Charleston, West Virginia. 
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either of the two transmission systems to which the fre- 
quency changer is connected. 


One company reports considerable trouble from this source, 
over a period of a number of years past. When first installed 
the bars were bolted to the short-circuiting ring with iron 
cap screws. Heating and cooling, together with the me- 
chanical strains of operation increased the contact resistance 
between the bar and end ring, with the result that the cap 





Fig.6. Collector ring arrangement, with collector ring cover 
removed. 


screws were soon forced to carry starting currents as well as 
to support the bar mechanically. Under these conditions the 
cap screws melted down and burned off. 

It was necessary to improve the contact between the bars 
and the end ring. This was attempted by installing on the 
bars on each pole piece, a copper segment having an “L” 
cross section. The bars were brazed to the copper angle 
segments on both ends and the copper segments then bolted 
to the end ring. 

The bond between the bars and the angle segment, how- 
ever, proved to be poor, and was replaced by silver solder. 
In addition to the regular brass bars which occupy the center 
section of each pole shoe, the outer copper bars (near the tip 
of each pole piece) were extended on through stirrups on 
the end ring, and silver soldered to semi-flexible strips which 
were bolted to the end ring on the outside. This construc- 
tion was necessary in order to provide for the increased ex- 
pansion of copper over brass. Recently some of the semi- 
flexible strips have broken, so they have all been replaced 
with a laminated flexible strip. This job, which embodies the 
addition of the separate copper segment for each pole piece, 
silver solder, and extra flexible connections for the copper 
bars, has been in service for some months with satisfactory 
results. It is believed that no further trouble will be ex- 
perienced. 


PROTECTION 


Complete differential protection of power transformer with 
special starting taps which serve synchronous condensers, is 
a more complex matter than the ordinary case, due to the 
fact that the ratio of transformation during starting is dif- 
ferent from the ratio during the running period. 
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One company has adopted as standard the method of cur- 
rent transformer secondary connections shown in the ac- 
companying wiring diagram of the Lighthipe 50,000-kva. 
condenser. 


In this connection the current transformers in the starting 
and running leads are chosen with such a ratio as to produce 
the same secondary current as that produced by the current 
transformers on the high side of the power transformers. 
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DIAGRA/14 OF THE HYDROGEN 
PIPING FOR THE HYDROGEN 
VENTILATED SYNCHRONOUS CONDENSER 


Fig.7. Diagram of the hydrogen piping for the hydrogen ventilated 
synchronous condenser. 


The secondaries for the current transformers in the start- 
ing and running leads are paralleled, and carried to the dif- 
terential relays, the impedance in the circuit of the current 
transformers which are not carrying current is great enougn 
so that practically no current passes through this parallel 
path, hence the differential balance is maintained whether the 
machine is on the starting or running tap. 

The attached wiring diagram shows the manner in which 
the current transformer secondaries from the starting an: 
running circuits are paralleled so as automatically to balance 
out the starting current during the starting period. 

This cireuit is practically fool-proof from the operato.’s 
point of view due to its automatic compensation, and does 
permit complete differential protection of transformers, 


switches and intermediate connections as well as for the 
condenser itself. 


COOLING SYSTEMS 
Open Circulation Systems— 


Relative to special means of cooling for machines with open 
circulating systems, where the machine takes air from the 
room and delivers it again to the same room, one company 
reports an installation of a 2,000-kva. condenser which ran 
at such a high temperature that only partial loads could be 
carried in the summer time. 
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A large opening was cut in the roof, over which a box cov- 
ering was installed and through the wall of this a 36-in. 5-hp. 
exhaust fan was installed to draw air from the room and 
deliver it to the outside air. The installation was probably 
not quite as effective as a duct system would have been, but 
the temperature of the room was lowered sufficiently to 
permit carrying practically full load on the machine. 


Partially Closed System— 


There seems to be a wide variation in the practices of the 
various California companies concerning the use of partially 
enclosed cooling systems. Some take the air from the outside 
at the ground line and deliver it through the roof or high on 
a side wall, others take air from the room and deliver it 
through the wall or roof. Still others take air from the room 
and deliver it downward into a pit and thence to the outside 
at the ground line. One company reports the extensive use 
of air washers on intake air ducts, with satisfactory results; 
another company reports the accumulation of a great deal of 
alkali on the windings of the machine due to the use of an 
air washer. Still another company, which has over 450,000 
kva. of condensers on its system, does not have a single air 
washer installed on any of the condensers. 


Totally Enclosed Systems— 


One company has several large condensers installed which 
have totally enclosed air circulating systems. They report a 
very great deal of satisfaction with this method of cooling. 
Several advantages are claimed, all of which seem to be 
well worth while. 

Maintenance cost of annual overhaul is much reduced be- 
cause of cleanliness of the machine. Cooling is kept at a con- 
tinually higher efficiency due to continued cleanliness, hence 
operating temperatures are kept more nearly uniform over a 
long period of operation between overhauling periods. Op- 
portunity is afforded for ideal conditions for the use of CO, 
gas for fire fighting equipment. 


Hydrogen Enclosed Systems— 


Although there are no hydrogen filled machines now in 
operation on the Pacific Coast, there are some machines now 





Fig. 8. Installation of a-special hand brake for bringing machine 
quickly to rest. 
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vn order which will be in operation within the next few 
months. Much interest has been shown in these types of 
machines, so that a number of pictures of Eastern instal- 
lations and a hydrogen control diagram are shown in the 
accompanying illustrations. 


As a matter of interest in this connection a letter from 
Philip Sporn, electrical engineer, American Gas and Electric 
Company, New York, is given as follows: 


20,000-KVA. HYDROGEN COOLED SYNCHRONOUS CONDENSER— 
TURNER SUBSTATION 
Description— 


The synchronous condenser installed at the Turner substation of 
the Appalachian Electric Power Company near Charleston, W. Va., 
is rated 20,000 kva., 11,500 volts, 60 cycles, 900 r.p.m., type ATI, 
and was built by the General Electric Company. The above rating 
is obtained by using for the cooling medium hydrogen gas at a 
pressure of about 0.3 lb. per inch above atmospheric pressure. The 
gas in turn is cooled by means of cooling coils in the condenser 
shell, in conjunction with necessary pumps and a spray pond 
located nearby. The machine is installed outdoors with a large 
pit underneath in which are located oil pumps, water pumps, hydro- 
gen supply tanks, and necessary instruments and accessories for 
controlling the hydrogen. A 100-kw. motor generator exciter set 
is located in the adjacent control building. 


Preliminary Tests— 


The installation of the machine was completed in December, 
1928, and at that time it was decided to run various tests to demon- 
strate the cooling qualities of hydrogen gas. These tests indicated 
that the capacity of the machine was increased about 33 per cent 
when using hydrogen instead of air as a cooling medium, while 
the losses remained approximately unchanged. The capacity could 
be still further increased by raising the pressure of the hydrogen 
gas, but normal operating pressure is maintained at 0.3 lb. per 
sq.in. above atmospheric. 


Operation— 


The machine has been running continually for the past year, 
except for a few short shutdowns made arbitrarily for various rea- 
sons. No trouble of any consequence has been experienced. The 
machine has been operating with voltage regulator control, the load 
Varying between 20,000 kva. leading power factor and 12,000 kva. 
lagging. The condenser has not been opened up during this time. 


Hydrogen Gas Consumptlion— 


The pressure of the hydrogen gas is automatically maintained 
at about 7-in. of water above atmospheric so that any leakage will 
be outward and thus prevent any possibility of air getting into the 
machine. At this low pressure the leakage is very slight. The 
purity indicator equipment is such that a continuous drain of about 
§ cu.ft. of gas per day is taken from the machine. During the 
past year the hydrogen consumption has averaged about 50 cu.ft. 
per week. This represents a cost of about 60 cents a week. On 
future designs the sampling gas for the purity indicator will be 
returned to the machine so that the gas consumption will be negli- 
gible. The purity of the hydrogen purchased is 99.5 per cent and 
the purity indicator for the gas in the machine now shows about 
the same figure. 


Maintenance— 


The bearings are included in the gas-tight shell of the machine, 
which makes them somewhat inaccessible. However, in the hydro- 
gen atmosphere, the oil should retain its lubricating qualities for 
an unusually long period. In fact it has not been necessary to 
replace the oil originally put in the bearings a year ago. The oil 
pressure starting pump is used for changing oil in the bearings 
when required. Thermometers with alarms will immediately indi- 
cate trouble with the bearings, and opportunity for inspection is 
supplied by two manholes, one at each end of the machine. 

The collector rings are also ventilated with hydrogen gas but are 
located in a small compartment separate from the main shell so 
that the brushes and rings can be inspected or replaced with very 
little trouble and with only a slight loss of hydrogen. 

The elimination of moisture and dirt from the interior and the 
removal of the damaging effect of corona upon the insulation 
creates a condition whereby very little, if any, maintenance should 
be required over long periods of time. However, as a matter of 
interest, we are planning to inspect the interior of the machine 
ometime this month. As we have every reason to expect all parts 
will be in satisfactory condition, we do not plan again to open the 
condenser until 1935, unless some unusual occurrence should make 
t advisable. 
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Control Equipment and Layouts* 


Activities of the subcommittee on control equipment 
and layouts have been directed toward the study of 
equipment which has a very vital part in every electrical 
station of whatever size but which in the past has been 
considered only incidental to the functioning of some 
other electrical apparatus. 

When we consider stations made up of the various and 
diverse electrical apparatus of present day usage such as 
prime mover equipment, generators, motors, synchronous 
condensers, switchgear, relays, etc., the correct function- 
ing of which for normal operation as well as for fault 
protection is based upon the proper design, installation 
and functioning of control equipments, the importance 
of this topic is more easily visualized and understood. 

It has been the aim of this subcommittee to develop a 
resume of the best practices of utilities of the Pacific 
Coast Electrical Association in regard to design, installa- 
tion and operation of control equipment. The following 
is submitted as the result of its efforts: 


TYPES, SOURCES OF ENERGY AND VOLTAGES 


YPES, sources of energy and voltages, naturally consti- 


tute a closely related group and are discussed as such by 
individual companies. 


San Diego Consolidated Gas & Electric Company— 


Direct current is used for control on all substations of 
1,000 kva. capacity or greater and the more important smaller 
capacity substations. The source of this power in each sta- 
tion is from a 60-cell lead plate storage battery floated 
across the line and trickle charged by a suitable motor gen- 
erator set. The normal battery voltage is 129 volts or 2.15 
volts per cell. 

Alternating current is used for control in the smaller 
capacity substations, the source of power being potential 
transformers from the incoming station lines, the control 
voltage being 120 volts. 


Southern California Edison Company— 


All circuits considered of sufficient importance to be 
equipped with switchboard control are also considered to rate 
the greater reliability of the d.c. type. However, on the many 
low voltage circuits which are equipped with automatic re- 
closing but without switchboard control, a.c. power for closing 
and also for the reclosing relays is used. On the relatively 
fewer circuits which are equipped with both reclosing and 
switchboard control, d.c. power is used for reclosing and in 
most cases for the relays also, although there are a few of 
this type of circuit using a.c. timing relays. 

All installations having switchboard control use a battery 
as the source of energy with a motor-generator charger. In 
certain of the small stations where direct current is used for 
tripping but there is no switchboard control (and usually no 
attendant), a battery with a copper-oxide charger is used. 
There are many small stations in service using alternating 
current exclusively for tripping (tripping reactors or current 
transformers direct to trip coils) and for reclosing. How- 
ever, the present tendency seems to be to use a battery and 
copper oxide charger even on the very small jobs. This type 
of charger seems to be operating quite satisfactorily although 
the question as to whether its tendency to overcharge will 
materially shorten the useful life of the battery remains to be 


* Report of committee on control equipment and layouts, electrical 
apparatus committee, Engineering Section. C. E. Schnell, chairman. 
Frank Ayres, F. S. Benson, L. A. Buese, A. R. Enger, A. Fulton, 
Cc. P. Garman, D. J. Kelly, T. J. Lovell, G. K. Morrison, E, W. 
Otto, P. J. Ost. 
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settled, as at present there are no installations old enough to 
provide anything. 

This company uses two d.c. voltages, 125 volts and 32 volts, 
and two a.c. voltages, 11 volts and 220 volts, 125 volts being 
used only on solenoid operated jobs, while 32 volts d.c. is 
used on motor operated breakers and on electrically controlled 
air operated breakers. This applies to stations where direct 
current is used for tripping only, as lower voltages are con- 
sidered unreliable due to contact resistance, etc. Some years 
ago this company used 12 volts for tripping purposes but 
abandoned it after several instances of failure. In the ma- 
jority of a.c. installations 220 volts is used, although there 
are a considerable number of “gravity” reclosing set-ups 
using 110 volts. 


Southern Sierras Power Company— 


At major stations 125 volts is the standard potential used 
for control batteries. Low voltage battery installations are 
made at stations of less importance where potential is re- 
quired for tripping circuit breakers only. Motor generator 
sets floating on the line are standard for charging the 125- 
volt batteries, while rectifiers are used for low-voltage trip- 
ping batteries. 


Los Angeles Gas and Electric Corporation— 


In the past the practice has been to use both direct and 
alternating current for tripping and closing of circuit 
breakers. However, the tripping circuits using a.c. shunt 
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coils gave considerable trouble due to failure to operate on 
low voltage at time of short circuits and this type of trip- 
ping circuit has been abandoned altogether. 

In certain classes of service described later alternating cur- 
rent is used for closing with a series trip circuit, but in gen- 
eral the policy is to use direct current for both closing and 
tripping purposes. The fact that the territory served is a 
strictly metropolitan district with the smallest distribution 
station of 5,000 kva. capacity has greatly influenced the selec- 
tion of types of control equipment. This has resulted in the 
use principally of 110 volts d.c. for both closing and tripping 
operations. 

A very small amount of d.c. controlled apparatus is motor 
operated, but in general (about 97 per cent) is solenoid oper- 
ated. Due to the mechanical simplicity we find the solenoid to 
be the most reliable and economical method. Its parts are 
few and very accessible and require practically no adjust- 
ment. All generating stations, switching stations and distri- 
bution stations are equipped with d.c. control. 

Alternating current control is used in some of the small 
substations which are located on consumers’ premises. The 
use of a.c. motor mechanisms is limited to approximately 
twelve of these stations with a primary voltage of 2,300 or 
4,000 volts. The balance have hand operated breakers with 
series a.c. trip. 


The preference for a.c. control over d.c. for this service 
is due to the elimination of the storage battery which would 
otherwise be required. 
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Fig. 1. Typical arrangement control panel—San Joaquin Light « Power Corporation. Fig.2. Typical connections control equip- 
ment—San Joaquin Light « Power Corporation. 
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The sources of energy for d.c. controlled substations are 
as given in the following examples: 


In generating stations the equipment consists of: 
Two storage batteries, 240 or 300 amp.-hr. capacity. 
Two 7-kw. motor generator sets. 

In larger substations: 
One storage battery, 140 or 240 amp.-hr. capacity. 
One 7-kw. motor generator set. 
One rectifying bulb trickle charger. 
In smaller substations: 
One storage battery, 80 amp.-hr. capacity. 
One rectifying bulb trickle charger. 


Where the normal load on the control system is below 10 
amp., trouble has been experienced in trickle charging with 
motor generator sets. In these cases the battery is given a 
periodical freshening charge with the motor generator set. 
The motor generator sets are capable of closing any circuit 
breaker without the aid of the battery. Required battery 
capacity is based on the handling of the normal operation of 
a station for 24 hours without charging. 

Only two d.c. voltages are used,—110 and 54 volts. The 
54-volt control is confined to substations when the majority 
of the oi! circuit breakers are hand operated. In the larger 
substations the control battery is centrally located and the 
wires carrying the closing circuit are of ample size and in 
some cases aS many as six circuits are run. 


Department of Water and Power, Los Angeles— 


Control equipment on the Department’s system comprising 
generating stations, receiving stations and distribution sta- 
tions, is confined exclusively to the d.c. type which may be 
subdivided as follows: 

For major generating, receiving and distribution stations, 
storage batteries with motor generator sets for charging. 

For smaller plants and industrial substations, automobile 
type storage batteries with trickle charging equipment. 

A voltage of 250 is standard for outdoor stations covering 
considerable area. For the larger types of indoor stations 
125 volts is used, while for the smaller stations using auto- 
mobile type batteries, a voltage of 48 or 24 is employed. 


San Joaquin Light & Power Corporation— 


This company commonly uses direct current for control 
purposes. 

Energy is supplied by prime mover control generators at 
both hydraulic and steam power plants. Motor driven control 
generators are usually installed additional to these, but are 
not considered satisfactory alone, owing to loss of control 
energy when a system disturbance occurs or power is actually 
interrupted. At the steam plants a control battery is in- 
stalled to avoid the necessity of keeping a boiler hot to supply 
steam to the turbine of the control generator when the plant 
is not generating. Provision is also made for an emergency 
feed from the exciter bus to the control bus where voltages 
permit. 

Storage batteries of the lead plate type are universally 
used at substations for control purposes. Rectifiers are used 
to charge batteries from 12 volts to 40 volts inclusive and 
motor generator sets to charge batteries from 40 volts to 250 
volts inclusive. No particular troubles have been experienced 
with either. The trickle charge method of operation is used 
with a cell voltage of 2.15 as the basis of charge. Motor 
driven generators are equipped with a no-voltage release to 
prevent discharging the battery when power to the motor is 
interrupted. 

While no distinct line is drawn, at the older substations 
12 voits or 18 volts is used in most cases where the capacity 
is 5,000 kva. and less. Where the capacity is in excess of 
this, 40 volts or 125 volts are used. In more recent designs 
40 volts or 125 volts, usually the former, are used, for control 
purposes at all but small and less important stations. This 
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trend to higher voltages is due to increased power require- 
ments for the operation of circuit breakers as they increase 
in capacity and to the belief that higher control voltages are 
more reliable. 


Power houses in general use 125 volts or 250 volts for con- 
trol purposes. 

Figs. 1 and 2 are typical of connections and switchboard 
arrangement for 20-cell lead plate batteries. 


Pacific Gas and Electric Company— 


There are two systems of control equipment in use on this 
system, namely, the d.c. type and the a.c. type. 

Direct Current Equipment—The d.c. type is used in steam 
generating stations, hydro-electric generating stations, and 
important substations, where a reliable source of power is 
necessary. The type of equipment used is given in detail: 

Steam generating plants generally require two complete 
systems, one for the control of main switching equipment, the 
other for the control of auxiliary equipment, such as auto- 
matic boiler devices, valves, and motor starting equipment. 

The source of power for the switching equipment control 
generally consists of two motor generator sets and a 125-volt 
storage battery. The motor generator sets are arranged for 
trickle charging and their size is determined by the sum of 
the trickle charge load, control lamp load, and the emergency 
lamp load. 

The control panels for these sets are located in the main 
switchboard room under the supervision of the operator. 


The source of power for the auxiliary equipment generally 
consists of two steam turbine motor generator sets. These 
sets are normally operated by the motors. If the motor 
voltage drops low enough to decrease the speed approximately 
15 per cent, a speed switch on the end of the shaft closes, 
which in turn opens the turbine throttle valve and the turbine 
picks up the load. 


The size of unit is determined by the power necessary to 
close a number of the largest valves simultaneously. The 
sets generate 125 volts, d.c. 


A remote control carbon circuit breaker is installed on the 
switchboard to give emergency power from turbo-motor- 
generator sets to the switching equipment control bus. 

The switchboards and control equipment for the two 
turbine motor generator sets are located in the turbine room. 


The control equipment for hydro-electric generating plants 
generally consists of two motor generator sets and a 125-volt 
storage battery. The motor generator sets are arranged to 
trickle charge the battery. Their size is determined by the 
sum of trickle charge power, control lamp load, and emerg- 


ency lamp load. One motor generator set is installed as a 
spare. 


Large substations, manually operated or semi-automatic, 
generally have two motor generator sets and a 125-volt 
storage battery. The motor generators in the older stations 
are designed to build up a voltage high enough to be able to 
“gas” the battery, but in all later stations, the battery is 
trickle charged. 


The control equipment for automatic urban substations 
requires careful study, as it must be as nearly foolproof as 
possible. Storage batteries of 125 volts are installed in these 
stations and small motor generator sets trickle charge the 
battery. There are two motor generators of which one is 
designed for trickle charging and the other is a compound 
wound motor generator set and has capacity large enough to 
handle the entire control bus load. This set is only used 
during an emergency. 

One of the newer automatic stations has an installation of 
rectifiers for trickle charging the battery and supplying the 
control lamp power. This type of charging equipment is 


limited to a small station where control lamp load is low, 
generally not over 3. amp. 
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The control equipment in small suburban and country sta- Fig. 3 is typical of connections for the above described 
tions is generally designed to trip the circuits. The equip- equipment. 
ment consists of a 24-volt storage battery with one of several Alternating Current Control Equipment—This type of 
types of rectifier. Some of the older stations were supplied control is only used on small automatic rural stations. It is 
with 120-watt motor generator sets designed to trickle charge generally 220-volt, 3-phase, a.c., for closing the oil circuit 
the battery. breakers and tripping is done by two methods, one manually 

In a few stations the oil circuit breakers having a type W___ by 220 volts, single phase, a.c., and the other by action of the 
motor operator are closed and tripped by the 24-volt battery. overload relays and tripping reactors. 
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Fig. 3. Ratings and connections for batteries and charging equipment for power houses and substations—Pacific Gas and Elec- 
tric Company. 
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Generally two overload relays and one residual relay are 
used. The contacts of the residual relay energize the poten- 
tial trip coil of the oil circuit breaker with 220 volts, a.c. 
Care must be taken that the station service transformer is 


connected to a phase that is protected by one of the overload 
relays. 


METHODS OF OPERATION, DESIGN OF CONTROL SYSTEMS AND 
OPERATING EXPERIENCES 


These topics are so closely interrelated that it has been 
thought best to treat them as a group with the following 
outline as the guide: 


Methods of Operating: 

Particular emphasis placed on reliability. 

Advantages and disadvantages. 
Design of Control Systems: 

Types for stations of varying capacities. 

Types of control wires and cables. 

Methods of installation. 

Protective features and devices for segregating trouble. 
Operating Experiences: 


Common causes of trouble and remedies. 


The response from the member companies has been very 
interesting and instructive from which the following is pre- 
sented as covering the salient features. 


San Diego Consolidated Gas & Electric Company— 


Substations using d.c. control are: automatic reclosing 
without attendant, semi-automatic with attendant, non- 
automatic with attendant, and supervisory control. 

All substations using alternating current control are auto- 
matic reclosing without attendant. 

Direct current control layouts are used on all the important 
substations and receive their energy from storage batteries 
floating on the line and trickle charged by motor generator 
sets. 

Alternating current control is installed in connection with 
gravity type reclosing mechanisms and used on the smaller 
substations in rural districts that require a better class of 
service but where economic conditions do not warrant build- 
ing a major substation. 

Where supervisory control is used, the control cable is a 
5-pair, 19-gage solid copper, paper wrapped, lead covered 
cable. The cable is suspended in a messenger on the same 
pole line that carries 11-kv. and 4-kv. circuits. The mes: 


senger is not grounded. Fuse protection is provided on both 
ends of the cable. 

A rigid monthly inspection has been maintained on the 
control equipment and with the possible exception of the 
supervisory, no particular troubles have developed. The 
supervisory control equipment is inspected weekly. When 
first installed, three years ago, a number of minor troubles 
developed but experience gained since the station has been 
put into operation, together with a thorough weekly inspec- 
tion, have reduced these troubles to a minimum. The major 
sources of trouble are with the speed regulating devices on 
the distributor motor and the revolving brushes on the dis- 
tributor arm. 


Southern Sierras Power Company— 


At important stations where a 125-volt battery serves as 
the source of d.c. control, an attempt is made to have 
this battery serve the one purpose of control only. This 
practice makes it necessary to use auxiliary sources of 
direct current for annunciator, telephone or telegraph sys- 
tems. This practice is considered justified inasmuch as elim- 
inating all auxiliary devices as mentioned above reduces the 
hazards which might affect the main source of d.c. control. 
Another standard practice is to keep d.c. and control circuits 
always in entirely separate conduits from a.c. power or 
metering circuits. As far as possible all control batteries 
are kept ungrounded. 

In any installations dealing with new or special equipment 
a descriptive bulletin is always prepared for the benefit of 
the persons who will be in charge of operating the equip- 
ment. These bulletins contain photostats or photographs of 
equipment involved and a complete description covering its 
construction, installation and method of operation. 

One bulletin of this type was issued dealing with the care, 
inspection and charging of storage batteries for stations 
using 125-volt lead type batteries. A nomographic chart 
was prepared for this bulletin which gives a ready means 
of determining the time specific gravity of a cell, having 
given the indicated specific gravity at any existing tempera- 
ture. A straight edge placed on any point of the apparent 
specific gravity, when lined up with the proper temperature 
indication on the center scale, will cross the lefthand scale 
at a point which will indicate the time specific gravity as 
corrected for any temperature variation. 

All control, metering and alarm circuits make use of 600- 
volt insulation, rubber covered conductor coded in colors as 
follows: 


TABLE I—Code Wiring System 


The Southern Sierras Power Company—Riverside, California. 








Description of Circuit Phase or Wire 
Current transformer leads as A 
B 
C 
Neutral 
Voltage transformer leads A 
B 
( 
Neutral 
Breaker Closing Wire 
Breaker tripping wire.... 
Breaker green lamp or common lamps wire 
Extra or red lamp or signal wire 
Direct current feeder, Positive 
Negative 
Differential relay interlock trip ; 
lemperature alarm circuit Positive No. 1 
Negative No. 2 
Direct Current Supply bus Positive 
Negative 
Voltmeter bus ; No. 1 
No. 2 
Synchroscope bus No. 1 
No. 2 
Frequency meter bus No. 1 
No. 2 
Alarm bus No. 1 
No 2 


Ground bus.. 
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Code Color Size 

Red No. 8 to 100-ft., No. 6 over 100-ft. 
White No. 8 to 100-ft., No. 6 over 100-ft. 
Blue No. 8 to 100-ft., No. 6 over 100-ft. 
Black No. 8 to 100-ft., No. 6 over 100-ft. 
Red No. 10 

White No. 10 

Blue No. 10 

Black ae No. 10 

Red : No. 10 

Blue : i No. 10 

Green is No. 10 

Black No. 10 

White As required 

Black As required 

Green No. 10 

White ‘ No. 10 

Black No. 10 

White No, 2 

Black No. 2 

Red with white tracer No. 10 

Red with black tracer No. 10 

White with red tracer No. 10 

White with black tracer No. 10 

Blue with white tracer No. 10 

Blue with black tracer No. 10 

Green with white tracer : No. 10 

Green with black tracer No. 10 

Bare copper . No.2 
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In the absence of proper tracer code wire, the designated 
color of wire may be used and colored bands about % in. 
wide painted around the wire at each end of the correspond- 
ing tracer color. 

In the absence of proper code wire, any available color of 
the proper size may be used and the two ends painted with 
the proper code color for a length of at least 2 in. (Not for 
standard practice.) 

This code applies particularly to single rubber covered 
conductors with colored cover braid, as now used on this 
system. Should use be made later of multi-conductor con- 
trol cables, the same coding will be adhered to in a 7-con- 
ductor metering cable and a 4-conductor control cable. 

As far as possible all control conduits in substation yards 
are installed in concrete trenches having removable wooden 
covers. This permits access to any conduit without the 
necessity of digging. 

In substation buildings, the conduits are kept accessible as 
far as possible, only being imbedded in concrete walls or 
floors where absolutely necessary. Special effort is made to 
make these conduit installations as neat as possible. 

At all major stations, control and metering conduits 
terminate in a cabinet above or below the switchboard con- 
taining terminals sufficient for all conductors contained in the 
conduits. The code wire terminates at this point and con- 
nection is made to-switchboard wiring by means of these 
convenient terminals. 

Terminal boards are always used at or near the base of 
switchboards to serve as a point of junction between control 
circuits and switchboard wiring. 

Another important use of terminal boards is in connection 
with auto-balance current transformers used in balancing 
currents in transformer bank differential protection. The 
auto-balance transformers are mounted in a steel cabinet 
with a terminal strip directly beneath. All taps from these 
transformers are brought out to these terminals and the 
terminal board is stamped to indicate the proper lead. This 
practice improves accuracy, rapidity of making changes and 
neatness. 

Although different control circuits may be required for 
equipment made by various manufacturers, an attempt is 
made to keep all circuits as nearly to one standard form as 
possible. 

Interlocking, both mechanically and electrically, is used 
extensively in circuit breaker controls. Starting and running 
breaker electrical interlocks for synchronous condensers are 
standard practice. Electrical interlocking which prevents a 
motor operated air break transfer switch from being either 
opened or closed unless the oil circuit breaker of the corres- 
ponding circuit is closed is also used extensively. 

Some difficulty has been experienced with water affecting 
rubber covered control leads and it is contemplated that in 
the future lead covered cable will be used. 


Southern California Edison Company— 


In installations of control wiring, including the secondary 
wiring for relays and meters, this company has at various 
times used: 


(a) Colored rubber covered wires in iron conduit. 

(b) Black rubber covered wires in concrete duct. 

(ec) Black rubber covered wire in fiber duct. 

(d) Multi-conductor lead covered cables in fiber ducts. 

(e) Is now using the multi-conductor lead covered cables with 
black rubber covered conductors, 


Generally, the entire run or group of cables is massed in 
a single redwood duct, with iron conduit used for branch 
runs of one or two cables. Where the magnitude and im- 
portance of the job justifies, concrete tunnels are used with 
the cables separated, racked and marked. Construction 
within buildings consists of the conventional tunnels, trenches, 


May 15, 1930 — Electrical West 





and individual conduits. However, present practice calls for 
at least 90 per cent of the run outdoors. 
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Fig.4. Details redwood ducts for control cables—Southern Cali- 
fernia Edison Company. 


The Southern California Edison Company after trying 
supervised, unsupervised and partially supervised control 
systems, has adopted and has been using for several years, 
the last named system in which the burning of the red lamp 
indicates the existence of potential at each end of the relaying 
or tripping circuit but does not indicate the continuity of that 
circuit. 

The standard multi-conductor control cable consists of 
four rubber covered conductors with black braid encased in 
a lead sheath. The four leads are used respectively for: 
closing, tripping, lights and alarm. Colored leads are not 
used but a brass sleeve marker is placed on each end of each 
conductor at the time of installation. Fiber discs are used 
to identify the cables. 

Control and secondary cables are stranded conductors, with 
600-volt rubber insulation and lead covered. The following 
are standard sizes and groups and are carried in stock: 


“A” Cable—Current transformer secondaries, four No. 8. 
“B” Cable—Potential transformer secondaries, three No, 12 
“Cc” Cable—Control, two No. 10 and two No. 12. 

“D” Cable—Operating bus, solenoid breakers, two No. 0 
“BE” Cable—Miscellaneous purposes, two No. 12. 

“FEF” Cable—Station light and power, three No. 4. 


“G” Cable—Station light and power, three No. 1. 
Notre: “A” or “C” cabies with their leads paralleled are used as 
operating buses for motor operated breakers as well as electrically 


controlled air operated breakers 


Operating experience has emphasized the following points 
in control wiring: 


(a) The control system should be divided into as many separate 
groups as is feasible in order to facilitate the location of grounds 
ete. 

(b) A sensitive d.c. ground detector should be used to detect in- 
cipient grounds. 

(c) The closing and tripping circuits should start from the same 


polarity as the red lamp in order to provide the partial supervision 
previously mentioned. 

(d) A pallet or auxiliary switch should perform only one func- 
tion in order to avoid “sneak” circuits. 
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(e) Individual annunciation for remote controlled breakers using 
the slip contact control switch with brighi-dim lamps and group 
annunciation for hand operated and automatic reclosing breakers. 

(f) A permanent method of marking the leads at the time of 
installation seems to be preferable to premarking methods such as 
colors, etc. 

(g) Segregation of control circuits beyond that which is supplied 
by the sheaths of the multi-conductor cables themselves 
necessary. 

(h) Grouped lead covered control cables in a common redwood 
duct seem to meet all requirements for outdoor runs including 
adverse soil conditions such as alkali except where it is necessary 
to cross public highways. 

(i) Miniature control using telephone equipment 
economies and seems to have the necessary reliability. 


is un- 


offers many 


Fig. 4 shows the details of redwood duct for control, instru- 
ment and lighting cables. Fig. 5 shows wiring arrangement 
of control board. 


Los Angeles Gas and Electric Corporation— 


Reliability is considered of primary importance. To insure 
this, a systematic inspection of control equipment should be 
carried out. 

Periodic inspection should be made of contacts on pallet 
switches, fuses, terminal blocks, control relays and control 
switches. 

Insulation tests of the complete control system should be 
included as part of the construction tests. 

Some method of indicating grounds on the control system 
should be included. 


In generating stations and major substations, 30 per cent 





rubber insulated lead covered control cable is used. In other 
stations 30 per cent rubber covered wire is used. 
TABLE II—Wire Data 
Insulation 
Nearest Resistance 
Size Thickness Test Meghoms 
Size of Conductor A. W. G. Insulation Voltage per Mile 
‘1 19 strands No. 25 12 3% in. 2500 1350 
19 Z No. 22 9 3% in 3000 1000 
37 se No. 22 6 44 in 5000 850 
37 ~ No. 20 4 4% in 4500 750 
37 No. 18 2 44 in 4000 650 
61 . No. 18.... 0 5@ in 5500 600 





TABLE I1I—Color of Braid on Individual Conductor 





Number of Conductors, 
i Black 
"i White 
” White and Red 
. White and Black 
. Green 
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TABLE IV—Thickness of Lead Sheath for Lead Colored Cables 








Outside Diameter 


Thickness of 
Core 


Lead Sheath 


Up to 0.625 in. 
0.625 in. to 1.25 in. 
1 

i 


4% in. 
5% in. 
6% in. 
7@ in. 


to 1.75 in. 
75 in. to 2.0 in. 





All wires are stranded, insulated, and color coded in ac- 
cordance with the following tabulation: 

In indoor stations the control cables or wires are pulled in 
iron conduit. In outdoor stations fiber conduit laid in concrete 
between manholes with iron conduit between manholes and 
apparatus is used. 

Circuit breakers with reverse current and overload features 
are used in motor generator set circuit. 
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Branch control circuits are protected by fuses rated not 
less than four times the closing current of largest breaker. 
Fuses in tripping circuits are rated at not less than six times 
the maximum normal current which they may be required 
to carry. 

Main branch fuses have a standard switchboard indicating 
lamp connected across the circuit so that blown fuses will 
give an immediate indication. 

Grounds on apparatus have been to a large extent our 
greatest source of trouble. These are due, for the most part, 
to the small clearances in pallet switches, terminal blocks, 
etc. The use of the highest grade equipment, together with 
careful inspection, has lessened this trouble. 

The troubles which were formerly experienced with wire 


have been eliminated by the use of 30 per cent rubber covered 
wires and cables. 


Faulty adjustment of pallet switches, control relays and 
control switches, have given some trouble—the answer being, 
rigid inspection. 

In conclusion it is felt that, since the satisfactory operation 
of the system depends on the correct functioning of the con- 
trol equipment, especially under abnormal system conditions, 
careful planning, best materials and rigid inspection should 


play a large part in the design, installation and operation of 
the control equipment. 


Department of Water and Power, Los Angeles— 


In order to obtain maximum reliability, all protective de- 
vices such as circuit breakers and fuses have been omitted 
between the battery and the main bus. Particular attention 
is paid to the quality of construction between these points. 
The control system of each station is divided into at least as 
many d.c. operating circuits as there are main bus sections. 
Each operating circuit is fed from the d.c. control bus 
through a fused switch with indicating lamp. 


The disadvantage of this arrangement, of course, is the 
possibility of an unprotected short circuit between the d.c. 
control bus and the battery. This possibility may be made as 
remote as desired by tapping all exposed parts and similar 
precautionary measures in construction. 


The advantage gained is the simplicity with which faults 
are located and localized in case of trouble. Each junction 
point in the d.c. operating circuit beyond its main switch is 
made through a separable link in order to facilitate testing. 
Furthermore, the same circuit controlling the field apparatus 
serves the corresponding section of the control board in the 
operating room. The advantages which accrue from this 
arrangement are obvious. 


In all outdoor stations, lead covered, 30 per cent Hevea 
rubber insulated cable is used exclusively for all control and 
metering circuits. A d.c. operating circuit usually consists 
of two single-conductor lead covered cables. The oil circuit 
breaker control, protective relay and metering circuits are 
carried in 5, 7 or 9-conductor lead covered 30 per cent Hevea 
rubber insulated cables, the individual conductors of which 
are of uniform gage. 


All indoor stations have their control and operating cir- 
cuits run with 25 per cent Hevea rubber insulated wire in 
metal conduits and gutter boxes. 


These cables and wires then are terminated in groups on 
terminal boards both at the field end and the control or in- 
strument panel end. These groups of terminals are made 
through separable links similarly to those indicated above for 
the d.c. operating circuits, except smaller in size. They 
provide a convenient place for stenciling symbols which label 
the circuits, and the random appearance of the wiring at 
the junction of the switchboard and field circuits is thus 
avoided. Testing and alterations may also be readily accom- 


plished without detracting from the neatness of the original 
switchboard wiring. 
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A ground indicating voltmeter on the operator’s desk is 
connected between the center point of the battery and ground. 
This is a very sensitive device and gives the operator imme- 
diate indication of a ground fault anywhere on the control 
system. A ground may be quickly localized and cleared 
before more serious trouble can develop. 

Operating experience clearly demonstrates that in the more 
important stations it pays to run control circuits in lead 
covered cable. By this use freedom from troubles and much 
greater reliability is secured. In the case of 250-volt control 
it has been found that long lead covered cables draw con- 
siderable charging current. However, this has not proved 
troublesome. 


San Joaquin Light & Power Corporation— 


This company has many of the older and less important 
stations where oil circuit breakers are manually operated so 
that relay and alarm circuits are the only control equip- 
ment. In the more recent stations all oil circuit breakers 
are remctely cortrolled. The control switch, relays and 
meters for each circuit are grouped vertically on the switch- 
board for simplicity in wiring. This applies to breakers 
whether they be transmission or distribution. 

Control circuits in older stations are rubber covered wire 
in iron conduit. In present day designs, multi-conductor lead 
cable either armored or in iron conduit or fiber duct is used 
for all control circuits out of doors. Control cables are made 
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Wiring arrangement control board—Southern California Edison Company. 


up of No. 10 B&S gage solid copper conductors insulated 
with 30 per cent Para rubber for 600-volt service with dis- 
tinctive color braids for identification. In the lead covered 
armored cable, two wrappings of steel tapes constitute the 
armor. Over this is first wrapped a serving of jute and then 
a layer of canvas tape wound half lap opposite hand to the 
jute. ‘Both the jute and canvas are impregnated with asphalt 
compound. The finished cable is then dipped in asphalt com- 
pound to make it as corrosion resisting as possible. This 
cable is laid in the ground without boxing and from the 
standpoint of ease of installation and resultant economy, it is 
very satisfactory. However, none of this has been in service 
long enough (three years) to secure definite data as to its 
ability to resist corrosion. Five-conductor and eight-con- 
ductor cables are carried in stock and answer all ordinary 
requirements of control wiring leaving few idle wires in 
various possible combinations. 

At Ashlan Ave. substation, where a large number of control 
circuits are required between the switchboard and the 11-kv. 
substation structure, an effort was made to secure most of 
the advantages of a control cable tunnel at a fraction of the 
cost of a full sized one. (See Fig. 8.) A concrete. lined 
trench 2 ft. wide and varying in depth from 1 ft. 9 in. to 
2 ft. 3 in., covered with checkered plate, was used. Lead 
covered control cables are laid up along the side of the 
trench on standard cable racks. The cables run from the 
trench to their destination in short runs of conduit. All con- 
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duits are graded to drain into the trench, the floor of which 
is pitched to a sump provided with a drain to carry away any 
water which might come through the cover which is not 
watertight. This arrangement gives ready access to the 
cables for inspection and facilitates additions or changes. 

Control cables are brought into a pit running the full 
length of the switchboard. From here all control wiring is 
brought up to a terminal board near the bottom of the 
switchboard. Current transformer secondaries are all brought 
to test switches to facilitate the testing of relays and meters. 

The d.c. bus for the operation of circuit breakers is divided 
so as to provide a bus for each section of the yard. This 
same bus energizes the control bus on the corresponding 
section of the board so in case of trouble on any bus causing 
the protective fuses to be blown, the control switch lights 
go out, thus indicating trouble. Each bus is fused separately 
and provision is made at the junction box in the station yard 
where the bus is branched and run over to the various 
breakers, to disconnect any branch readily if that section 
develops trouble. Fuses are of ample size to care for any 
combination of maximum control energy requirements with a 
safety factor of at least two. Each bus may be de-energized 
by a knife switch on the station board. 

Troubles in control wiring are of few varieties. Short 
circuits in wiring in conduit due to the presence of moisture 
is the commonest difficulty in conduit installations out of 
doors. Lead covered cable has eliminated this. Damage to 
conduits and wiring=by burning where ground wires cross 
conduit runs has occurred in several instances. As a result 
of this, special care is exercised to give considerable separa- 
tion between ground wires and conduits to avoid this 
difficulty. 

Batteries, motor-generator sets, and rectifiers in general 
have given very reliable service with few cases of minor 
trouble. This is particularly satisfactory as it has added 
materially to the reliability of the unattended station which 
occupies a large part in the operation of this system. 


City and Ceunty of San Francisco— 


It is believed that it would be desirable to recommend some 
standardization of control bus voltages. Apparently there 






Fig. 6. Gutter box and control terminals—Station B, Department 
of Water & Power, Los Angeles. 
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are now five voltages in use for d.c. control systems, namely 
12, 24, 40 and 125 and 250. As the lower voltages are not 
suitable for closing breakers, it is necessary to resort to 
manual or a.c. power for closure. All of this results in a 
multiplication of equipment types which is very undesirable. 

There seems to be a real field for vacuum tube rectifiers 
for trickle charging control batteries at small stations. The 





Fig.7. Outdoor terminal arrangement, Moccasin Powerhouse, City 
and County of San Francisco 


Fig. 8. Cable trench with steel cover—Ashlan Avenue Substation, 
San Joaquin Light « Power Corporation. 
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commercial types available are designed for radio or garage 
duty and are not entirely suitable for station work. Some 
use auto-transformers in place of insulating transformers, 
thereby communicating the ground on the a.c. supply circuit 
to the d.c. control system. Taps for adjusting the charging 
voltage should be designed so as to be used for floating the 





Fig. 9. Cables enter tunnel from breaker overhead—La Fresa Sta- 
tion, Southern California Edison Company. 


battery. An accurate voltmeter should be included as 
standard equipment. 

We are using a very satisfactory design of terminal board 
out of doors; shown in Fig. 7. The cover, not shown in the 
photograph, is fabricated as one unit and has a handle on 
top which enables it to be lifted off readily, thus providing 


a maximum of accessibility. 

Remotely controlled, power-operated disconnecting switches 
should be interlocked to prevent opening or closing under 
load. 

For control wiring we advocate best grade of insulation. 
On outdoor work we use lead covered cable in galvanized 
conduit. Where practicable, colored braids are employed for 
identification. 


Pacific Gas and Electric Company— 


Control systems are designed for reliability and depend- 
ability. The protection and segregation for control circuits 
are as follows: 





Be 7 # 


Fig. 10. Cables are carried on racks in the tunnel—La Fresa Sta- 
tion, Southern California Edison Company. 
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Storage batteries are protected by very heavy fuses that 
can only blow in case of a short circuit in the loads to the 
switchboard. These fuses are generally located at the 
battery. 

Each control circuit has separate fuses and a switch. The 
wires are pulled in separate conduits. 

Each bus has its own control circuit and the control 
switches on the switchboard are wired to the same control 
circuit as the oil circuit breakers on the bus. 

Relays on the main switchboard are connected to a separate 
control circuit. 

Equipment such as generator, motor generators, con- 
verters, etc., where a number of oil and carbon circuit 
breakers, relays, and many interlocks are involved, have a 
separate control circuit. 

All battery charging motor generator sets have two pole 
carbon circuit breakers with reverse current elements so that 
the generators will not motor. 

Grounding lamps are installed. The size of lamps is kept 
small so that the current will not be large enough to trip 
circuit breakers due to sneak currents through the various 
interlock circuits. 

The control circuits are made of a wire size large enough 
so thet maximum voltage drop will not be more than 25 volts. 
The normal control bus voltage is 130 volts. 

Operating troubles have been minimized by the precaution 
taken in separating and insulating the control circuits, so 
that grounds and faults on any one circuit can be easily 
detected. 

Motor generator battery charging has given trouble in 
automatic stations due to voltage failing on the motor side 
and coming back; the generator would build up to a voltage 
less than the original value, the battery finally being run 
down. These motor generator sets are so small, the reverse 
element on even the smallest circuit breakers will not trip out. 

Control circuits in conduits, using standard rubber insu- 
lated wire have given trouble due to the failure of the insu- 
lation. We now use wires having a very high grade rubber 
compound insulation. 


NEW DEVELOPMENTS 


From time to time as the results of operating experiences 
passed on to the manufacturers of control equipment, come 
new and improved devices for control purposes. One of the 
manufacturers submits the following: 


Control Switches—There are in use in various parts of the 
country three systems of control each requiring somewhat 





Fig. 11. Rack in basement under the switchboard—La Fresa Sta- 
tion, Southern California Edison Company. 
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different arrangements of control switches. These control 
systems may be classified as (a) single polarity, (b) double 
polarity (both having momentary contact switches) and (c) 
a system of control having “stay put” contact switches. 

This company has developed control switches for all of the 
above systems, having pull button types, turn button types 
and turn pull switches. 
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Fig. 12. Cable distribution under the switchboard—La Fresa Sta- 
tion, Southern California Edison Company. 


The newer developments in control switches are mainly of 
the turn handle types, with protective covers over the contact 
mechanisms. 

The circuit making or breaking contacts of these switches 
are of the silver to silver type since it has developed that this 
metal is most satisfactory for this class of service due to the 
fact that oxidation of the surface under long periods of 
inaction does not increase the contact resistance, and there- 
fore a cleaning action is unnecessary for 
operation. 

Test Blocks—This company has also put on the market a 
line of safety type testing blocks and plugs to replace the 
former combinations of studs and links. These blocks have 
covers which are in place during normal operation, but are 
removed and replaced by a testing plug when tests are to be 
made. 

The great advantage of these devices lies in the fact 
that the testing operator does not have to change any wiring 
connections, either on the board or on the testing equipment, 
between tests of a series of similar devices, the same plug 
being used successively in all test positions. A spare relay 
may even be connected to the test plug to replace auto- 
matically the switchboard relay during test. 

Terminal Blocks—The present trend in switchboard con- 
struction is to furnish terminal blocks which have provision 
for markings to indicate clearly each control wire. Terminal 
boards from 4 to 38 poles are available in unit assemblies, 
and all boards are furnished complete with cup washers to 
act as terminal clamps for the control wires running to the 
blocks. 

Fuses—This company recommends that all control circuits 
from the control board to the various pieces of apparatus be 
run as separate circuits and be protected individually by 
adequate fuses. The use of a separate control bus at the 
apparatus end of the circuits is not considered ‘desirable 
practice. 


satisfactory 


Switchboard Wire—This company has recently developed 
an improved quality of switchboard wire for back of panel 
connections. This wire has a 750-volt insulation consisting 
of black varnish cambric tape next to the wire, whicn is 
tinned, then a felting of asbestos impregnated and finally a 
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braid saturated with flame resisting grey paint. This new 
insulation has an extremely high dielectric strength (in the 
order of 20 times rated voltage) and is flame resisting to 


meet amply the prescribed test of the National Board of Fire 
Underwriters. 


Miniature Control Systems—In line with an apparent trend 
towards concentration of control, there has been developed 
by this company a miniature control board which confines 
the instruments, control buttons and indicating lamps for 
one circuit to a strip 4 ft. wide in a control cabinet. This 
design of control board allows the installation of controls for 
fifteen circuits to be mounted in a cabinet on a 5-ft. table. 


The control system utilizes polarity relays for operation of 
remote devices. 


Remote Control Devices—The control and operation of 
signal systems from operator’s board to the engine or boiler 
rooms are important links in the proper conduct of generat- 
ing plants. For this purpose, there has been perfected signal 
control panels or pedestals and indicating equipment utilizing 
Selsyn motors to get synchronized control and operation. 

The Selsyn system can be adapted to a great variety of 
control schemes where signals or operations must be accur- 
ately duplicated at a remote point. Among the large number 
of applications might be listed operator’s orders to engine 
rooms, water lever indication, governor position control, total- 
izing meter indication, gate valve position indication, etc. 

Remote water jevel control of governor operation may also 
be obtained by use of Selsyn devices or may be secured 
through the use of the rheostatic balance method, such as is 
used in several generating plants on the Pacific Coast. 


SUMMARY AND RECOMMENDATION 


From these comments it is evident that reliability of control 
equipment is recognized as most important. This is being 
secured by many means, principally as follows: 
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Fig. 13. Cable terminals at back of switchboard—La Fresa Sta- 
tion, Southern California Edison Company. 
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Greater thought and care in design and construction. 

Use of the best materials available. 

Rigid inspection at stated intervals. 

Continuous indications of operating condition. 

Segregation of fault conditions when such occur. 

Elimination of lower control voltages. 

Use of control batteries for control purposes only. 

Give correct operating information to those responsible 
for control equipment. 


Attention should also be given to the gradual elimination 
cf non-standard control voltages. This can be accomplished 
by selecting proper voltages in new installations. The com- 
monly accepted standards are: 


Direct current—24, 48, 125 and 250 volts. 
Alternating current—110, 220 and 440 volts. 


The committee ini presenting the foregoing summary urges 
that all of the features there outlined be given most careful 
attention for from such consideration results the most satis- 


factory operation and greatest reliability of whatever control 
equipment is installed. 


Transformers and Regulators* 


This report is made up of selected items taken from 
questionnaires and Engineering Section meetings. It 
covers the experiences of operating engineers in dealing 
with power transformers, induction regulators and re- 
actors. 

Some progress in overcoming oil leaks is reported. 
Acidity of transformer oil in service is shown to be 
organic and when accompanied by sludge, to be harmful. 
It also is a measure of rate of sludging. 

Deposit from copper leads in unlined bushings has 
been stopped by use of copper screen or filled bushings. 

Among the items suggested for greater ease in han- 
dling transformers in the field was the use of guides 
for removing cores. 

Tap changing equipment is working very well, no cases 
of trouble being reported. 

Some slight troubles in regulators and reactors are 
reported, but evidently this apparatus is giving good 
service. 


HIS committee has endeavored to confine its activities 
to those subjects which were of special interest to the 
operating engineer. 

In the furtherance of this policy, a canvass was made 
of the member companies as to what operating difficulties, 
in their opinion, could be helped through a study by this 
committee. From the many subjects brought forward, the 
following were selected as being of greatest interest: 


Transformers— 
Oil leaks 
Acidity of oil 
Leads in unlined bushings 
Guides for cores 
Tap changing equipment 


Regulators— 
Oil leaks 
Broken tops and gears 
Short circuit magnetic stresses 


* Report of subcommittee on transformers and regulators, elec- 
trical apparatus committee, Engineering Section. L. A. Buese, 
chairman. J. G. Corrin, H. H. Cox, Francis Curtis, D. J. Kelly, 
P. C. McCorkle, C. C. Potts, E. W. Rockwell, C. W. Smith, W. 
Cc. Smith, 
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Reactors— 


Operating experience with dry and oil immersed reactors 
Field checks of losses and regulation 


A questionnaire was used to gather information on these 
subjects and the following report is derived from the 


answers to these questions and from the discussion at the 
section meetings. 


SECTION 1—TRANSFORMERS 
Oil Leaks— 


Oil leaks, especially if the apparatus has been subjected 
to a long rail or rough road shipment, seem to be very 
prevalent and troublesome. Apparatus which has been over- 
hauled in the shop and apparently freed of oil leaks, when 
moved and installed on the job may show numerous leaks. 
A number of methods of stopping these have been suggested, 
but most operating men think that there is still a great deal 
to be learned on this subject. 

The majority of companies report leaks in new trans- 
formers as received. Complaint is also made of loose bolts, 
shifted cores, broken bushings, broken tap changers and 
poor gaskets in new transformers as received. These con- 
ditions are evidently due to strains in transit. There does 
not seem to be any decided preference for either rail or water 
shipment, as trouble is reported in the use of either route. 

The manufacturing companies believe that they have made 
marked improvement in the location of leaks before shipment 
and also in loading for shipment. 


Allis-Chalmers Manufacturing Company says: 


Oil leaks in transformer tanks may be attributable to several 
factors which, taken individually or in combination, oftimes become 
a source of much aggravation and expense to the operating com- 
pany and manufacturer. A review of the subject reveals that the 
major sources of oil leaks are caused by: 

1. Stresses in the tanks during shipment due to 
inadequate loading and bracing on the cars. 


improper or 


2. Design of the tank structure and supporting base which may 
result in weaving and/or distortion of the tank during lifting, 
or rolling operations when handling. 

3. Poorly made gasket surfaces and assemblies for accommoda- 


tion of tank-tops, bushings, hand-hole and manhole covers. 


A careful study of item No. 1 revealed that swaying of the car 
or cars upon which the shipment was loaded, switching operations 
incident to making up trains, sudden application of power or 
brakes, introduced abnormal stresses in the shipment, particularly 
on long transcontinental hauls involving numerous transfer points, 
mountain grades, etc. A review of the conditions encountered dur- 
ing shipment resulted in a complete revision of loading and bracing 
specifications and a consequent practical elimination of 
from this source. The improved method of loading 
due to its simplicity, has also greatly reduced the time required 
in unloading a shipment after arrival at destination. The use of 
full length guide rails for definitely centering the core and 
in the tanks has materially assisted in minimizing tank 
during shipment and handling as well as greatly facilitating the 
untanking and retanking of the core and coils. 


leakages 


and bracing, 


coils 


stresses 


The extent of weaving and/or distortion of the tank structure 
and supporting base as outlined in item No, 2 is largely dependent 
upon the design, weight and strength of the materials used, together 
with the methods of applying the lifting, jacking or rolling forces. 
It is desired that the design be such that application of these 
forces will result in uniform stress distribution in the tank struc- 
ture. The type of transformer in which major lifting or rolling 
strains are taken through the base and external lifting rod struc- 
tures is doubtless preferable to types in which 
taken through the tanks via lifting-ears or lugs attached directly 
to the tanks. Lifting this last type of construction 
may cause weaving and/or distortion of the tank structure result- 
ing in breaks in the welds of the tank itself, also in joints where 
tubes and radiators are attached to the tanks, 
facturer co-ordinate with 
of materials. In the type of construction first mentioned the exter- 
nal lifting-rods and the tank bases are designed to care for han- 
dling-stresses, thereby minimizing tank stresses and the possibility 
of leakage incident to same. 

Greater care on the part of the manufacturer in securing uniform 
gasket surfaces and assemblies for the 


these strains are 


strains in 


unless the manu- 


uses extreme care to design strength 


accommodation of tank- 
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tops, bushings, hand-hole and manhole covers, has greatly reduced 
the number of leakages from these sources. Closer and more care- 
ful attention to installation of bushings, etc., on the part of the 
operating company’s installation crew will doubtless aid mater- 
ially in reducing the leakages from such sources, 

Several operating companies are specifying that the customary 
cil drain valves be eliminated from power transformers, thereby 
reducing oil seepage or leakage from this source. In such cases, 
the short nipple and flange customarily used in connection with 
the drain valve is provided with a flange plate into which a small 
nipple mounting a combination filter-press and sampling valve is 
welded. A short nipple from this small valve extends through 
the large nipple and downward into close proximity to the bottom 
of the tank for filtering and sampling the oil at the lowest prac- 
tical point. 


The General Electric Company has changed to a new 
method of testing for leaks which is described as follows: 


Revolutionary changes have been made this past year in our 
factory in the testing of tanks for oil leaks. Testing with the use 
of water has been abolished and air under pressure is now em- 
ployed by making a pocket around every weld and putting some 
s0 lb. pressure on this pocket. The air tests are then followed 
with hot oil tests. A very marked improvement indeed has been 
noted from this new procedure. Shipping strains apparently have 
a good deal to do with oil leaks, but it should be pointed out 
that one reason that leaks have shown up in the past after ship- 
ment is that it takes sometime for oil to filter through small open- 
ings in the welds. 


The Westinghouse Electric and Manufacturing Company 
uses two different tests for leaks as follows: 


During the process of manufacturing a transformer two different 
tests are made on the transformer tank, at two different stages 
in the manufacture, to determine whether the transformers are 
free from leaks. 

The first one is a hydrostatic pressure test, using a pressure 
of five lb. per sq.in. The pressure is indicated by a gage located 
at the top of the respective tanks. During the test, an inspector 
goes over the entire tank, making a hammer test, using a two-lb. 
hammer. The operation is carried on by striking staggering blows 
adjacent to the weld seam. This work is carried on in the tank 
manufacturing department. 

At a later stage, after the transformers have been completely 
assembled and electrically tested, another test for leaks is made 
in the final fitting department. The transformers, while filled with 
oil, are subjected to an oil pressure test of five lb. per sq.in., the 
pressure being measured at the transformer tank cover. 

The pressure for both of the foregoing tests is obtained, in the 
first instance, by a static head of water and in the second by a 
static head of oil. The water level (or oil level) is adjusted to 
such a height in the reservoirs that the gage on the transformer 
cover will read five Ib. per sq.in. 

It will be noted that a pressure of five lb. per sq.in. is obtained 
on any welds around the transformer cover and at the top of the 
transformer. The pressure at the bottom of the tank will be 
greater than five lb. per sq.in. depending upon the height of the 
tank. On some of the higher tanks, the pressure may run up as 
high as 10 or 12 Ib. per sq.in. on the bottom of the tank. 

This method of testing will readily show up any leaks in the 
transformer tank and it is sufficiently high to show up any porosity 
of the welds. 


These tests will tend to decrease the number of leaks in 
transformers as they leave the factory, but the operating 
companies think that more study should be given to the 
transportation end of this class of equipment. 

After transformers are received, all of the operating com- 
Janies give them an inspection. The routine as described 
by the Southern California Edison Company is a typical 
inspection. The procedure which transformers from the fac- 
tory are subject to is as follows: 


A thorough mechanical inspection is made for any foreign mater- 
ial, loose bolts, cracked supports, shifted windings and _ shifted 
laminations. The transformers are then made ready for the elec- 
trical tests, a copy of which is enclosed. Bushings are installed 
using new cork gaskets. Pipe fittings are removed and recemented 
in place, using a compound manufactured for this purpose. 

When transformers are received with considerable moisture in 
the oil and windings, they are put in the vacuum tank and given 

thorough drying out. The moisture is indicated by oil tests and 
megger readings. Transformers shipped without oil in a sealed 
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tank under pressure seldom need to be dried out in the vac- 
uum tank. 

After filling the transformers with oil the real work begins in 
locating oil leaks and then trying to stop them. In looking around 
for a convenient way of locating oil tank leaks, it was discovered 
that blue chalk, when subjected to oil, turned dark. If this blue 
chalk could be applied easily a very fine oil leak detector could 
be had. One of the men, remembering how quickly bakelite thinner 
dried, tried a mixture of blue chalk and bakelite thinner. From 
then on this mixture has been used to determine oil leaks in the 
shop. All leaks in tanks are electric welded and those in bushings 
are stopped by properly fitting cork gaskets. 

When riveted transformer tanks are received, the rivets are 
welded, 


The following tests are now made on new station trans- 
formers: 


1. Check gas pressure 

2. Inspection 

3. Fill with oil 

Ratio on all connections 

Polarity 

Resistance 

Impedance watts and volts 

Warm up for hot megger and oil test 
9. High potential ground 

10. Core loss watts and exciting current 
11. Check for oil leaks 

12. Cold megger and oil test 

13. Check on temperature indicators 

14. Heat runs on special or new designs 


ost ol 


The following tests are made on new regulators: 


1. Inspection 

2. Fill with oil 

3. Ratio 

1. Phase relation 

5. Phase rotation 

6. Tag leads 

7. Megger and oil test 

8. High potential 

9. Core loss watts and exciting current 
10. Ratio and polarity of current and potential transformers 
11. Check auxiliary control circuits 

12. Heat runs on special and new designs 


After transformers are shipped to the job, additional oil 
leaks often develop and these leaks are hard to stop, most 
companies reporting failure. The Pacific Gas and Electric 
Company says it endeavors to stop the leaks which show 
up on the job, but without very much success as far as 
tanks are concerned. Gaskets are replaced, using an oil proof 
varnish. A cheap grade of cork is very porous and should 
not be used for gaskets. Pipe nipples are removed and the 
threads are painted with oil-proof varnish which has been 
mixed with Princess Metalic. 

The Southern Sierras Power Company, the San Diego Con- 
solidated Gas & Electric Company, the San Joaquin Light 
& Power Corporation and the Los Angeles Gas and Elec- 
tric Corporation all report similar troubles and usually find 
it necessary to remove the oil and replace gaskets before 
transformers are finally put in service. Threaded pipe fit- 
tings are generally removed and replaced, using either one 
of the mixtures designed for this purpose or else a mixture 
of litharge and glycerine. The latter mixture is seldom used 
on joints which may require frequent removal as it seals 
so tightly that it is difficult to break the joint again. 


Acidity of Transformer Oil— 


Trasformer oil is usually bought under a contract speci- 
fying a neutral or low acid test and yet when transformers 
have been in service a short time, this acidity increases 
gradually over a long period. The questions naturally arise, 
“What of it?” and “What is the danger, if any?” and “What 
causes this acidity?” and “Has it any relation to insulation 
breakdowns?” 

Transformer oil has been the subject of observation and 
experimental study ever since transformers were first im- 
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mersed in oil, and even now after this long experience, it is 
sometimes difficult to put one’s finger on any particular 
characteristic and say definitely what is its limiting safe 


value. One oil test which is certainly absolutely definite, 
especially when it is definitely negative, is the breakdown 
test. The test tells whether the oil will insulate or not when 
in its tested condition. 

Other characteristics can be stated as relatively good or 
bad, but the value of the goodness or badness is often a 
matter of opinion. Moreover, such values must be considered 
in conjunction with the values of other characteristics. Acid- 
ity is one of these characteristics. 

Only the larger operating companies buy oil under a rigid 
specification. The smaller companies usually buy oil on the 
market and testing of oil is incomplete. These companies 
testing new oil use the A.S.T.M. method or a modification 
te suit the degree of completeness desired. The practice of 
those companies doing testing is outlined by the Pacific Gas 
and Electric Company as follows: 


Not more than 0.05 mg. of potassium hydroxide shall be required 
to neutralize one gram of oil, A.S.T.M. method D-188-24 T. We 
make tests from tank car samples as follows: Specific gravity, 
flash, pour point, viscosity (Saybolt universal) at 100 deg. F., 
neutralization number, heat, life test, corrosion, dielectric strength, 
unsaturation test and resistance to emulsion number. 


Tests show that this oil when placed in service shows an 
increase in acidity. These tests are described by the Pacific 
Gas and Electric Company: 


METHOD or TEST 


The oil was tested according to the A.S.T.M. method for the 
neutralization number of petroleum products. Both the general 
neutralization number and the mineral acid neutralization were 


determined as expressed in milligrams of potassium hydroxide per 
gram of oil. 


Tests to determine the presence of sulphuric or hydrochloric acids 
were also made, 


RESULTS OF TESTS 
The results are to be found in the following table: 


TABLE I—Result of Test 


Neutralization Numbers 
Age 











Sample No. Color General Mineral 

Acid 

Db nis a's os vegies cd 1cbbe dds 0.37 0.00 
Deis sca i aataatis PG Seksccenandh ace 0.24 0.00 
O ei ccacs i - Gaeuniees NR ona s ccaeuebene 0.36 0.00 
Pies «ee ie £5 eaean Reddish Brown.... 0.52 0.00 
OO ee a > aeeeaed NE dew ad od és tune 0.13 0.00 
ee - . «basse Mec accne caaweuses 0 05 0.00 
an 6s 50 . esesnae A Gcdkécdvsecgumde 0.02 0.00 
EN els ia ue i. . teawen NG atin ne dace geguee 0.02 0.00 
BE oases S. causees dis ie cnn ee un ees 0.05 0.00 

SO We ksi a” seaae at Red Brown, Sediment... 1.10 Trace 
4 Years....... a sanavan Light Brown........+. 0.17 0.00 
9 WER. < ccscs eee Light Brown........... 0.19 0.00 
oo eee ae - éWawa ate Red Brown, Sediment... 1.08 0.00 
ere WP? aguanea WOO. cis din cdascecons 0.18 0.00 





The general neutralization number represents the total acid con- 
tent, both organic and mineral. Since the mineral acid content is 
zero, it is evident that these oils contain organic evidence of sul- 
phuric or hydrochloric acid. In the one exception there was a trace 
of hydrochloric acid probably formed from action of the acid in 
the oil on the soldering flux. 


CONCLUSIONS 


All these oils contain organic acids in varying amounts. The 
mineral acid content is zero. The organic acids are oxidation pro- 
ducts formed by the heating and ageing of the oils. 


The Southern California Edison Company says: 


Occasionally tests for acidity of insulating oil are made while 
it is in service. These tests are usually made when the sludging is 
pronounced and more for the reason of knowing more about the 
acid condition than as a criterion as to whether oil should be 
replaced. After a few years of service the acidity rises to a point 
where it takes about 1.0 mg. of KOH per gram of oil to neutralize. 
This does not seem to be harmful and just how much greater an 
acid condition is permissible we do not know. When the acidity 
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of the oil has reached the point where it requires 1.5 mg. of KOH 
per gram of oil to neutralize, there are usually other conditions, 
such as excessive high carbon and moisture content, which indicate 
that the oil should be changed. 

From the tests that have been made there is every indication 
to believe that acidity, like sludging, is one of the end products 
of oxidation. The sludge in the oil may be quite acid while the 
oil itself is only mildly so. After filtering, the acid condition of the 
oil changes but little and the oil will pass the test for dielectric 
strength. So far there does not seem to be any relation between 
acidity and dielectric strength, except in so far as those agents 
which increase the acidity of oil also reduce the dielectric strength. 
The acids in the oil are the organic type and will not attack metal. 
It is questionable whether the acids attack the insulation fabric. 
Tests to determine this feature are now in process but have not 
gone far enough to reach any conclusion. It seems as though the 
varnish covering of the insulation would protect the insulation 


from the acid. Tests are now being conducted to determine this 
feature. 


The following comments are taken from discussion at sec- 
tion meetings and represent to a large extent the opinion of 
the manufacturers on this subject: 


Allis-Chalmers Manufacturing Company— 


Acidity alone with no oxygen or water present may do little 
harm as long as its value is not extremely high. Yet moderately 
high acidity in conjunction with water may cause great trouble. 
Acidity with moisture lowers the dielectric strength faster than 
acidity alone. 


Attacking by the acid of parts above the oil, such as tank covers, 
bushing cement, etc., has been evident in many cases. This is 
almost always the result of the combination of acidity, moisture, 
oxygen and heat. The attacking of insulation or other materials 
in the transformer proper under the oil has not been experienced 
even with what might be considered very high acidity. 


If adequate arrangements are made to keep the oil dry and to 
keep oxygen away from its surface, it is known that not only is 
acidity less dangerous, but also that it is less likely to be increased 
in service to a high value. The test for acidity in new or recon- 
ditioned oil should show a neutralization value of less than 0.08 mg. 
of KOH per gram of oil. The question has been raised as to how 
high the neutralization value should be allowed to rise before it is 
necessary to recondition the oil. The answer can only be indefinite. 
If the oil is dry, of a good color, and shows little sludging, it might 
safely have an acidity represented by a neutralization value of 1. 
On the other hand, oil with much lower acidity has given trouble 
and has had to be replaced. This can only be summed up by saying 
that if transformer oil is originally good, has high dielectric 
strength, is kept free from moisture and has not sludged, the actual 
acidity becomes somewhat a secondary consideration. 


General Electric Company— 


It is important that new oil for transformers and regulators be 
entirely neutral, as any traces of sulphuric acid which is used in 
the refining of the oil, would tend to harm the soldered joints, etc., 
and also deteriorate the insulation. Acids formed during the oxida- 
tion of oil are very weak acids and appearently have little or no 
effect in the ageing of insulation. The two factors, however, value 
of acidity and color of oil—do give a definite indication of the rate 
of sludging. The matter of sludging is particularly important be- 
cause of the possibility of blanketing the dissipation of heat from 
the coils after the oil finally becomes saturated with 
product. 


oxidized 


Westinghouse Electric &€ Manufacturing Company— 


If water is poured into or agitated with new transformer oil, the 
water droplets will quickly settle to the bottom of the vessel and the 
dielectric strength of the oil is not greatly lowered. On the other 
hand, if old oil is used for the above test, a much longer time is 
usually necessary for the separation of the water. Owing to the 
slow separation of the moisture, the dielectric strength is poor over 
a long period of time. The R.E. (resistance to emulsion) or the 
S.E. (steam emulsion) number is the generally accepted method 
of expressing this characteristic of the transformer oil. The im- 
portance and meaning of the R.E. number will be discussed in the 
following paragraphs. 


The method for determination of the R.E. number of oil is ex- 
Plained in detail on pp. 10 and 11 of report I.B. 5336-A. In gen- 
eral, the procedure is as follows: A previously measured volume 
(20 c.c.) of the oil sample is maintained at a given temperature 
by passing slightly superheated steam through it. When sufficient 
condensation of steam has taken place to give approximately 20 c.c. 
of water emulsified with the oil, the steam is cut off and the 
emulsion quickly placed in a separating bath operating at a definite 
temperature. The time in seconds necessary for 20 c.c. of the oil 
to separate from the emulsion is considered the S.E. number of the 
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oil. The time required for separation of 20 c.c. of new Wemco 
“C” oil under the specified conditions is usually found to be from 


10 to 20 seconds. This time in seconds will, therefore, be the R.E. 
number. Serviced oils give variable results, the R.E. number de- 
pending upon the conditions under which the oil was used. Samples 
of serviced oils have sometimes given values as high as 1,200 
seconds, which, of course, would indicate that admission of water 
into the apparatus containing such oil would be dangerous. 

There are a number of factors which influence the R.E. number 
of oils, chief of which is the presence of certain impurities. The 
presence of impurities in serviced oil is accounted for by oxidation 
of the oil, solution of small amounts of insulating varnishes and 
formation of small amounts of metallic soap. Quantities of im- 
purities which cannot be determined by the usual analytical methods 
can readily be detected by the steam emulsion test. 

At the present time, it is not possible to specify a maximum value 
for the R.E. number above which it is dangerous to operate the 
transformer. If it were possible to set limits, different limits would 
be necessary for particular types of transformers. In general the 
importance of keeping the oil in the apparatus free from water 
increases with the increase in the R.E. number of the oil. 


The R.E. number of the oil in Inertaire transformers is of little 
importance since the entrance of moisture into the tank is pre- 
vented. A dehydrating breather is desirable with expansion tank 
and air cushioned transformers, especially when the R.E. number 
of the oil is high. 


A summation of the above study of acidity of transformer 
oil in service is here given: 


1. It is organic acid and not mineral acid. 
2. It is formed by the heating and ageing of the oil. 

3. Acidity below neutralization number 1.0 is not harmful if 
oil is otherwise up to test. 

4. When accompanied by sludging or carbon, it is dangerous. 

5. Acidity, together with color of oil, give an indication of rate 
of sludging. 


COPPER LEADS IN UNLINED BUSHINGS 


Most of the operating companies report some previous 
trouble with corrosion and deposit from copper in unlined 
bushings. Various methods have been used to overcome this 
trouble, the most common method being the installation of 
wire screen around leads, bonding same to lead at top and 
bottom. The Pacific Gas and Electric Company also says: 


We have installed breathers in the tops of transformers to allow 
a free air circulation, especially in the dead air pockets such as 
bushing turrets. Our method is one breather for each foot in 
diameter, located symmetrically around the cover as low to the oil 
line as possible, one in the manhole cover, and one in each bushing 
turret. The breathers are made of one 1-in. pipe sleeve, one 1-in. 
nipple, one 1-in. street ell and one 1%4-in. to 1-in. bell reducer. The 
reducer has a disk of perforated sheet copper inserted in the bell 
held in place by a brass ring nut. The sleeve is welded in the 
cover in a horizontal position. 

It is our opinion that this will eliminate the collection of moisture 
on the under side of cover and on the bushings. However, we have 
not had a chance as yet to prove this theory entirely as it will take 
a year or so to make a comparision. 


We have made one trial of ground cork mixed with oil-resisting 
varnish and spread on the under side of cover, to eliminate the 
collection of moisture which we think is the source of trouble. 


We have dug the soft litharge away from the shells of the bush- 
ing and flanges, using Portland cement (mixed with one-third sand 
and enough water to hold the cement together) to fill up the space. 
After setting, the surface is given a coat of oil-resisting varnish. 
The cement must be tamped in place with a stick. The oil fumes 
do not seem to attack the cement. 


In bushings of the hollow porcelain tube variety we are now 
using a solid copper conductor through the bushing, from a cap 
on top, and expanding a thin walled lead tube tightly against the 
inner porcelain wall This tube is spun over at the ends and con- 
nected solidly to the cap so that it is at the same potential as the 
conductor, thereby eliminating static discharge within the tube 
and preventing corrosion and radio interference. 


The Southern Sierras Power Company states that: 


In a few cases we have had trouble from leads being corroded 
to such an extent that service. was impaired. This occurred on 
potentials of 33 kv. and above. Invariably we have found most 
of our cases in making inspection and repair. To remedy this we 
have installed copper tubing lining and to date we have not expe- 
rienced any trouble—however, neither have we had opportunity to 
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inspect bushings so repaired. They have been in service for over 
a year without trouble. 


The remedies so applied have as yet not been in service 
long enough to give a definite answer as to their effectiveness, 
but another year of operation should bring out definite results. 


Guides for Transformer Cores— 


In the majority of smaller substations, facilities are not 
available for handling transformer oil except by barrels or 
temporary tanks. This makes the untanking of a transformer 
vore a messy and tedious job. Most transformers are so 
cesigned that the oil must be removed to insure reseating of 
the core. To overcome this difficulty, the Southern California 
Edison Company suggested guides inside the case, so that 
the transformer core could be untanked and retanked without 
removing the oil. It was also suggested that these guides 
would act as braces during shipment and prevent some of 
the trouble due to cores shifting during shipment. 

The idea appealed to the operating engineers and received 
much favorable comment, and at least two companies besides 
the Southern California Edison Company are now purchas- 
ing transformers equipped with these guides. It is hoped 
to have some information regarding their use next year. 

The manufacturing companies said the scheme offered no 
difficulties. 


Tap Changing Equipment— 

Tap changing under load has now been in service for 
several years and operating experiences are now available. 
It is gratifying to note that these experiences have been 
very favorable to the use of this equipment. 

The reports of the operating companies speak for them- 
selves: 


San Joaquin Light & Power Corporation— 


The San Joaquin Light & Power Corporation has been using 
equipment for tap changing under load for several years with very 
good success in general. The first installations were added to banks 
that had been in operation and were manually operated by means 
of proper switches with a regulating transformer and reactors while 
the operations were made. This type has been very satisfactory 
and no trouble has been experienced with them. 


The first installation of an automatic tap changer was made with 
transformers having a forked winding, which had the same im- 
pedance but with voltage taps brought out staggered, as you might 
say, on the ground ends. When the voltage was normal one 
winding carried the load, the other winding being open on the tap 
end. These windings were not connected on the tap ends except 
when a tap change was being made and then through air type 
contactors with no reactor in the circuit. The circulating current 
produced by the difference in voltage between the two windings was 
to be held down by the characteristics of the two windings. 


Under actual operating conditions this circulating current was 
found to be greater than calculated and trouble was experienced 
with disconnects on this installation. Also the ebony asbestos 
board on which the contactors and disconnects were mounted caused 
trouble after a flashover due to an error in switching on one trans- 
former. The ebony board was scraped and shellaced, but imme- 
diately flashed over on being put into service. It was found that 
the leaks to ground were about %4 in. under the surface of the 
board and this breakdown occurred at the time of the flashover. 
The maximum voltage to ground at any time on this installation 
is about 800 volts. According to manufacturers’ data, ebony board 
should hold up to about 500 deg., so it would appear that it 
should be thoroughly inspected when subjected to arcs. 


This company has a number of installations of automatic tap 
changing in which taps are changed by air and oil switches in 
which a reactor is used to limit the circulating current from one 
tap to another and they have been very satisfactory. The trouble 
experienced has been in the mechanical construction of the tap- 
changing equipment, such as too critical construction of cams, 
etc. Most of our installations use air break contactor switches 
and these have operated satisfactorily to date. 


All tap-changing installations are so laid out that by means of 
disconnecting switches they can be cut out of service for inspection. 
This also applies to induction regulators as well and has been very 
opportune at times. Also we have a time delay relay in between 
the contact-making voltmeter and the control motor using approxi- 
mately a minute delay before a change can be made. This was 
felt to be necessary, as it would prevent the apparatus working 
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continuously, and gives very satisfactory regulation as well. It 
will also prevent operations at times of short circuits on feeders 
and during system disturbances of short duration. All installations 
are step by step, that is, by about 2.5 per cent steps. After one 
change is made, there is a period of delay, due to the timing 
relay, before another change is made. On one installation we 
found that it was possible to get three changes at one time, due to 
the circuit making on the timing relay for a period of time longer 
than desired. This may be advantageous in the event of low or 
high voltage conditions on the system which continue for quite a 
period of time. These extra changes will not take place, however, 
if they are not required to bring the voltage to normal. On this 
same installation we have experienced some trouble with the con- 
tacts on the oil circuit breakers burning on account of being closed 
slowly by cams. On another installation we had the operating 
motor stick, due to rust getting under the brake. This indicated 
that the manufacturer should make the housings weatherproof and 
of more stable construction. 


Pacific Gas and Electric Company— 


The Pacific Gas and Electric Company has found its equipment 
for changing taps under load very satisfactory, on the whole. We 
have a comparatively large number of installations, both manually 
and automatically operated and all are used for secondary bus 
regulation. We have no tap-changing equipment used for adjust- 
ynent of transmission voltages. 

Our equipment is all made according to our own design, either 
in our own shops or those of a local manufacturer We have 
naturally experienced a few troubles from time to time, but weak- 
nesses have been corrected as they have shown up, and considering 
the number of equipments in use and the length of time they have 
been in service, our troubles have been remarkably few. Since 
these mechanical difficulties are peculiar to our own make of 
equipment, they can be of little general interest and will not be 
detailed here. . 

We have experienced no difficulties in application of this equip- 
ment. It has been described in detail in past reports of this com- 
mittee. 


Southern California Edison Company— 


The tap-changing under load transformers have so far proved 
very satisfactory, in fact, so satisfactory that very little information 
is obtainable. At present there are four installations, as follows: 

Uplands Substation 1—General Electric 9,000 kva., three phase, 
11 kv. 

Harbor Substation 4—Westinghouse 20,000 kva., single phase, 
72/110 kv. 

Saugus Substation 4—General Electric 25,000 kva., single phase, 
72/220 kv. 

Los Angeles No. 3 Substation 3—General Electric 30,000 kva., 
three phase, 30 kv. 

The tap-changing transformer at Uplands is a three-phase trans- 
former placed in the neutral of the 11-kv. side of three 3,000-kva., 
66/11-kv. natural cooled General Electric transformers. An exciting 
winding energizes a series winding (connected to the neutral side of 
the power tank) raising or lowering the 11-kv. voltage. Motor 
operated oil circuit breakers connect the series winding to ground. 
A reactor in the tap-changing transformer is used to absorb the 
energy from the short-circuited windings at the time of changing 
taps. Seven voltage position are obtained, three above and three 
below 11,500 volts, each tap being 2 per cent of 11,500 volts. 

This tap-changing transformer has had the opportunity of carry- 
ing 110 per cent load. At this point the circuit breakers became 
quite warm, while the rest of the transformer remained cool. The 
box in which the circuit breakers are mounted on the side of the 
transformer was provided with better ventilation and with this 
change the overload was easily carried. It does not seem proper 
that an accessory, such as oil circuit breakers should limit the 
capacity of a transformer bank. 


At Harbor substation there are four Westinghouse transformers 
(one spare) 20,000 kva., single phase, transforming power from 
66 kv. to 132 kv. The tap-changing winding is on the 132-kv. 
side, which is grounded. Oil circuit breakers connect to each tap, 
shorting the turns through a reactor very much in the same manner 
as the General Electric transformers at Uplands. Nine voltage 
taps are obtained, each being 2 per cent of 132,000 volts. 

This tap-changing equipment occupies considerable space ad- 
jacent to the transformer but has given perfect operation. 


At Saugus substation there are four General Electric 25,000-kva., 
single-phase, 220-kv./72-kv. tap changing transformers. The tap- 
changing side is 72 kv. delta connected. Nine voltage positions are 
obtained, each varying in steps of 1.5 per cent of 72,000 volts. The 
tap-changer is motor operated and the mechanism is often referred 
to as the “crab type” because of the peculiar motion it makes. The 
tap-changer is connected to the middle of the 72-kv. winding and 
is connected to a reactor which absorbs the energy of the shorted 
turns. 

Perfect operation of this transformer has been obtained. 
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At Los Angeles No. 3 substation there are three General Electric 
30,000-kva., three-phase transformers each connected in series with 
a bank of three 10,000-kva. transformers, 66 kv./33 kv. This tap- 
changing transformer is essentially three single-phase regulators 
in one tank. There is a series winding in the 33-kv. line which 
has its voltage raised or lowered to obtain nine different voltages 
each, in steps of 1.25 per cent of 34,600 volts. There is an “excit- 
ing winding” connected in star to the 33-kv. line. This winding 
induces a voltage in the “regulating winding” where the voltage is 
varied. The mechanism for varying the voltage is the so-called 
“crab-style,” the same as used on the General Electric transformers 
at Saugus. Power from the “regulating winding” is then used to 
excite the “excited winding’ which is on the same core as the 
series winding. 

This installation is quite recent but has given perfect satis- 
faction. From the above it is seen that, although only two methods 
of tap changing have been used, the oil circuit breaker type and the 
so-called “crab type,” the applications are somewhat different. So 
far all have proved satisfactory and little or no preference is given 
to either type. 


New Designs— 


Suggestions for transformer improvements, brought out the 
following requests: 

Men handling transformers have complained about the 
lifting lugs on one make of transformer. One company uses 
steel hooks for raising transformers, which slip out unless 
held in place until under strain; it is therefore necessary to 
use two men, one to hold hooks and the other to operate crane. 
Several shipments of transformers have been received with 
cases rusted on the inside, making it necessary to pull the 
core and scrape them. This company finds that the covers 
do not fit tightly on transformer cases made from pressed 
steel, which allows rain to enter during storms. It finds, 
too, that pressed steel cases become rounded on the bottom, 
due to the core resting on them. After being retired from 
the job, the core must be pulled and the bottom straightened 
before being sent out on another job. 

All new power transformers are now specified with guides 
for the cores. Jack pockets are sometimes located so that it 
is very difficult to get the jack in position due to projecting 
cooling coils. Then again the jack pockets will be too small. 
However, certain types of hydraulic jacks have been found to 
fit such conditions. 

The oil line between the conservator and transformer tank 
has often been so small that in filling the transformers from 
the bottom with large filter presses, the oil will leak through 
the bushings rather than go up the pipe to the conservator. 
A 2-in. pipe is now being considered. It will be interesting to 
know to what degree this will defeat the object of the con- 
servator tank. 

On some transformers it is quite difficult to reach through 
the manhole to the terminal board to change the voltage taps. 
A larger manhole or more accessible location of the terminal 
board to the manhole would be desirable. 

Tap changers have caused some trouble through springs 
on the sliding type contacts, and contacts with rollers on the 
roller type. 

A good ratio adjuster is a very inexpensive item and will 
save its weight in gold many times over in the life of a 
transformer. 

There is nothing more disagreeable and expensive for the 
amount of work necessary to change taps on a bank of trans- 
formers, than to have to draw down the oil and reach in 
simply to loosen two nuts and move one bar. 

It is interesting to note that the ratio adjuster still comes 
in for a great deal of criticism, despite the attention that has 
been given to it each year. 


SECTION 2—REGULATORS 


The cases of operating troubles with induction regulators 
were isolated and in general seem to be bearing troubles. 


San Joaquin Light ¢ Power Corporation— 


One segment on an induction regulator changed due to teeth 
being cut away by worm gear on operating motor. Replaced with 
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new segment. Apparently original segment defective as new one 
had to be relined to operate properly. Several cases of rotors 
sticking due to bearings. No trouble found on inspection. Ap- 
parently something in bearing which came out when rotor was 
removed. 


Pacific Gas and Electric Company— 


One of our greatest troubles is the bearings, especially with regu- 
lators having bronze bearings. However, they are in service from 
three to five years before we do much work on them. 

The reason for most of this appears to be due to a poor fit 
to begin with and the continual hammering wears them on two 
sides. In our shops we make a fit as close as they can be worked 
on by hand. We have two or three cases where, under short cir- 
cuit, the motor frame was broken due to the torque caused by short 
circuit. These parts have been made stronger by the factory. In 
one case where the worm and gear was not properly greased, the 
teeth wore out. New grease systems have been installed on late 
regulators by the factory. 


The Southern Sierras Power Company— 


We have had one experience of electrical failure in a new 36-kva. 
single-phase, 2,400-volt induction regulator operating on 4-kv., 
4-wire, 3-phase system that raised several questions. Failure 
started between turns on the stator, burnt through the slot and 
fiashed to the rotor. The no-voltage relay motored the regulator 
to the full buck position. This subjected the rotor to quite a burn, 
which raised the question of preventing the regulator from motoring 
in case of internal failure. In addition, the oil pressure rose so 
high within the regulator that the outdoor top hood was literally 
blown off and glass from the windows was found 100 ft. away. It 
is felt that for safety reasons the manufacturer might well provide 
a relief valve for high internal pressures. 


Los Angeles Gas and Electric Corporation— 


Three failures of windings; one regulator top and the bulging 
of one tank under short circuit stresses. Noise due to worn bear- 
ings has been very noticeable. 


SECTION 3—REACTORS 


The continued use of reactors by those companies using 
them is shown by their reports. 


Southern California Edison Company— 


Reactors are desirable in distribution circuits for limiting the 
short circuit stresses. This permits smaller circuit breakers and 
lighter duty bus construction. Circuit breakers may be installed 
at a station equipped with reactors and remain there regardless 
of the extent to which the transformer capacity is enlarged. With 
reactors placed on each individual circuit and operating fully loaded 
for only a short time, the losses in the reactors do not amount 
to much. 


Reactors have been on the whole very satisfactory. There have 
been a few instances where cats have climbed the fence and, jump- 
ing around the reactors, have caused a flashover. The newer 
reactors have insulated cable, which practically eliminates trouble 
of this nature. 


Los Angeles Gas and Electric Corporation— 


We have had two 33-kv., 3-phase oil insulated reactors in use for 
four years now and have over 100 three-phase low-voltage re- 
actors in service without any trouble of any nature. It is felt that 
the improved service and lower investment in circuit breakers 
prove their usefulness, 


SECTION 4—NEW DEVELOPMENTS 


The manufacturing companies did not submit anything 
new in design that had not been covered in previous reports 
or elsewhere in this report. 


CONCLUSION 


The subject of oil leaks in transformers and regulators 
has been carried forward several years and some small pro- 
gress is being made in eliminating this trouble, but much 
remains to be done. Reports of excessive noise due to worn 
regulator bearings are becoming very numerous. The use of 
reactors on the Pacific Coast is steadily increasing. Most of 
those companies not now using them are making provision for 
possible future use. 


It is recommended that the work of this committee be con- 
tinued next year. 
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Starting Current for Induction 
Motors* 


Results of a field investigation by member companies 
revealed that starting currents demanded by induction 
motors were far in excess of the limits set by 1923 
N.E.L.A. rules. Resolutions were passed by the local 
subcommittee and by the national organization which 
have been forwarded to the manufacturers. 


_— alarmed at the excessive starting current demanded 

by induction motors available in the market, the mem- 
ber companies, two years ago, launched a field investigation 
to determine the exact status of the induction motor equip- 
ment operating on the several systems. 

The report of the subcommittee which made this field 
check showed that many of the motors in operation required 
starting currents greatly in excess of the limits specified 
in the N.E.L.A. 1923 rules, and that most of those available 
in the market had the same fault. 

The apparatus committee therefore decided to study the’ 
conditions and try to arrive at a conclusion as to what start- 
ing current demands the systems could handle without detri- 
mental effect. 

This study was carried on, due consideration being given 
to the statement from the manufacturers that satisfactory 
modern motors could not be developed which would have 
starting currents within the limit specified in the N.E.L.A. 
1923 rules. 

In response to communications directed to the Manufac- 
turers’ Association we were advised, after some delay, that 
a line of squirrel-cage motors would be developed that would 
have blocked rotor currents within the limits specified in 
the 1923 rules. The manufacturers demanded greater limits 
for line-starting motors, so that after much study and delib- 
eration the apparatus committee approved the recommen- 
dation of the utilization subcommittee. The following resolu- 
tion was adopted: 


Whereas, during the past few years the capacities of the coast 
system have greatly increased; and whereas, the manufacturers 
have agreed to develop improved squirrel-cage motors with blocked 
rotor current values within the N.E.L.A. 1923 limits and claim 
that is is impossible to design suitable line-start motors within 
these same limits, 

Resolved, that the N.E.M.A.’s guarantee for squirrel-cage motors 
to operate on reduced voltage starters that will comply with the 
blocked rotor current values as specified in the N.E.L.A. 1923 rules 
with improvements in other essential characteristics is accepted, 
with the understanding that no motor shall show a measured 
starting current in excess of the allowable blocked-rotor current 
for that motor as specified in the N.E.L.A. 1923 rules, when oper- 
ating on the highest tap of the starting device. 

Further, that the member companies will consider as acceptable 
line-start motors showing blocked rotor current values 25 per cent 
in excess of the values specified in the N.E.L.A. 1923 rules for 
motors of 50 hp. size and larger, motors of 40 hp. size and smaller 
to retain the blocked rotor current values specified in the N.E.L.A, 
1923 rules. 


After adopting the above resolution the committee decided 
that it would be well to continue the study for another year. 


Copy of the resolution was forwarded to the Manufac- 
turers’ Association, N.E.L.A. headquarters, and to the chair- 
man of the N.E.L.A. utilization subcommittee. 


After repeated efforts to get an answer from the manu- 
facturers, a substitute resolution was submitted to our com- 
mittee by the manufacturers, as follows: 


That the N.E.M.A.’s guarantee for squirrel-cage motors to operate 
on reduced voltage starters that will comply with blocked rotor 


* Report of utilization subcommittee, electrical apparatus committee, 
Engineering Section. E. J. Crawford chairman. A, W. Copley, H. 
H. Cox, C. B. Judson, D. J. Kelly, H. S. Lane, R. F. Monges, T. G. 
Myers, S. P. Russell, H. J. Schomberg, E, R. Stauffacher. 
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values as specified in the N.E.L.A, 1923 rules with improvement 
in other essential characteristics, is accepted with the understand- 
ing that no motor shall show a measured starting current in excess 
ot the allowable blocked rotor current for that motor as specified 
in the N.E.L.A. 1923 rules when operating on one of the standard 
taps of the starting device. 

That the member companies will consider as acceptable line- 
start motors showing blocked rotor current values 25 per cent in 
excess of N.E.L.A. 1923 values for motors of 40 hp. and 50 per 
cent in excess of N.E.L.A. 1923 rules for motors of 50 hp. sizes 
and larger, motors to 30 hp, size and smaller to retain the blocked 
rotor current values specified in the N.E.L.A, 1923 rules. 


There was some doubt as to the proper interpretation to 
place on the change proposed by the N.E.M.A. regarding 
the current demand of squirrel-cage motors. On inquiry we 
found that they proposed that these motors should remain 
within the specified limits only on some intermediate tap 
of the starting device, but would take a greater current on 
the highest tap. 

This appears contrary to the former information from 
the N.E.M.A. that they would develop squirrel-cage motors 
with blocked rotor current values within the limits specified 
in the N.E.L.A. 1923 rules. 

After due consideration this proposed substitute resolu- 
tion was rejected and the former resolution adopted by our 
committee re-affirmed. 

Notice to this effect was forwarded to the Eastern bodies 
by your chairman. 





The action of the apparatus committee was officially ap- 
proved by the executive committee of the Engineering Sec- 
tion and notice of this approval forwarded to the president 
of the N.E.L.A. by the chairman of the Engineering Section. 

Our stand having now been definitely established, there 
now remains for decision only what action the member 
companies shall take regarding installation on which the 
motor characteristics do not fall within the limits we have 
established. 

In the meantime we have been informed that the apparatus 
committee of the N.E.L.A. passed the following resolution 
on Jan. 25, 1930: 


Whereas, recent motor starting rules of the utilities allow start- 
ing currents for the same motor under different conditions of 
service, such rules cannot take the place to the manufacturers 
for design purposes, of the information included in the N.E.L.A. 
1923 motor rules. 


Resolved, that the N.E.M.A. be invited to join with represen- 
tatives of the N.E.L.A. to suggest to the electrical apparatus com- 
mittee what changes are desirable in the 1923 rules of the N.E.L.A. 
motor starting currents, viewed in the light of the past seven 
years’ program in design. 


Undoubtedly our view will have proper consideration, as 
all the bodies have been regularly informed of our conclu- 
sions. It would be well for our association to keep closely 
in touch with developments in the East. 


HYDRAULIC POWER COMMITTEE REPORTS’ 


Automatic Hydraulic Regulatory and 
Safety Devices* 


This report is intended to cover such automatic regu- 
latory and safety devices as are in use in hydro-electric 
developments as separate or distinct units in contrast to 
those which are found in automatic or semi-automatic 
plants and are more or less intimately associated with 
the automatic equipment for the operation of the plant. 
This latter class of automatic equipment, which is both 
regulatory and protective in nature, has been thoroughly 
covered in the report of the subcommittee on automatic 
hydro-electric plants published in the 1928 Proceedings 
of the Pacific Coast Electrical Association beginning on 
page 195, and will be still further covered by a subcom- 
mittee report of a like committee of the national hy- 
draulic power committee. 


There remains a distinct class of automatic equipments 
of a regulatory or protective nature which function as 
complete units in themselves. They may be found at 
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remote points isolated from the power house proper, or 
may be located within the building itself. They have a 
certain definite purpose which is performed automatic- 
ally and may properly fit in with the operation of a man- 
ually controlled plant or an automatic plant. 

To be of value to the interested reader a report of this 
character must contain considerable detailed description. 
In order to keep the size of the report within proper 
limits, only a few of the suggested subjects have been 
treated. These, however, have been covered as com- 
pletely as possible. It is suggested that further contri- 
butions be made next year and additional subjects cov- 
ered so that we may finally have at hand a source of 
valuable information for the use of engineers and oper- 
ators in the solution of their particular problems. 


AUTOMATIC SAFETY DEVICES 
Penstock Shut-off Valves— 


NE of the most important applications of automatic 
equipment of a protective nature is that of providing 

for the closure of the upper penstock valve in case of a pen- 
stock failure. Penstock failures are rare, but when one 
does occur the damage done by the released water is usually 
very severe. Equipment is destroyed and tons of debris are 
deposited at points which will make the removal expensive 
or possibly render further operation of the plant impossible. 
If the flow of water can be checked promptly, the damage 
will be reduced to a minimum. The added cost of this pro- 
tection is a very small item in the over-all cost of the plant. 
The prime requirement of such a device is absolute re- 
liability. It is the last line of defense and must not fail. 
For this reason it must depend upon an unfailing source 
of energy for its operation, and nothing can replace the 
force of gravity. The supply to an electric motor may be 
interrupted just when most needed, and any mechanical 
device, such as a stressed spring, may fail for any one of 
a number of reasons. The force of gravity acting through 
an hydraulic medium is the most reliable and easily con- 
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trolled device suitable for valve operation. Two sources of 
supply are available, the water in the penstock itself or an 
independent storage tank. The latter is the most desirable 
because it is independent of any loss of pressure head due to 
the increased flow of water through the penstock. Also, oil 
may be substituted for water, and danger from freezing 
eliminated. (This is an important consideration and every 
precaution must be taken to insure protection from freezing 
if the reliability of the equipment is to be maintained). A 
typical example of the application of such a device will serve 
to bring out the features involved. 

The upper end of the penstock at the Eldorado power 
house of the Pacific Gas and Electric Company is equipped 
with a 72-in. diam. butterfly valve operated by means of an 
hydraulic cylinder. Cylinder pressure is obtained from a 
gravity oil supply stored in a tank on the hillside above 
the valve under a head of about 70 ft. Details of the valve 
and operating mechanism are shown in Fig. 1. 

The control valve for the operating cylinder is a standard 
Pelton governor valve with special body connections and with 
pilot operated by a newly developed differential pressure 
relay, cross section of which is shown in Fig. 2. All stuf- 
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fing boxes and consequent sliding friction which would im- 
pair the reliability of the device are eliminated by using 
Sylphon bellows. Upstream pressure taken through a 
a pilot tube connection is applied to the top of the relay 
piston while downstream pressure taken through an inde- 
pendent connection is applied to the bottom of the piston. 
As the areas under pressure on the top. and bottom of the 
piston are identical, the force developed is a measure of 
the velocity of flow in the pipe line. Calibration and adjust- 
ment permit the device to operate at any desired excess 
flow. 

A novel feature of the mechanism is the toggle mounting 
of the relay stem so that the uplift force diminishes with 
downward travel. Thus any operation once started will fol- 
low through for a full stroke. This is an essential charac- 
teristic of any such device. Another important feature is 
that the operating piston is subject only to the differential 
pressure and not to the total pressure. One of the great 
objections to previous developments of this type has been 
the fact that the areas were not identical, with a result 
that the total pressure was a factor, thus giving false indi- 
cations during pressure surges in the pipe line and even 
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Fig. 1. Automatic oil pressure control for 72-in. butterfly valve. 


332 


Electrical West — Vol. 64, No. 6 








ea oe 


a ee a ee ee 


a ae pile on 


bringing about shut-down in case of sudden load change 
while the actual pipe line velocity was well below that of 
full load. 

The solenoid is for emergency or test operation from the 
power house. An open circuit rather than closed circuit 
system is used, as it is undesirable to bring about shutdown 
in case of failure of the pilot circuit. Energizing the sole- 
noid exhausts the lower chamber to drain, thus giving the 
shut-down signal. Movement of the butterfly valve is in- 
dicated at the power house by a separate electrical indicator. 
During tests it is customary to operate the solenoid for just 
a short period to see that the mechanism responds, allowing 
it to reset immediately when the circuit is broken, providing 
of course that meanwhile the butterfly valve has not closed 
sufficiently to prevent restoration of downstream pressure. 

An interesting safety feature of the device is the pro- 
vision of having the upstream pilot tube connection taken 
from above the butterfly valve while the downstream is from 
below. This prevents automatic operation of the relay, fol- 
lowing butterfly valve closure, until the downstream pipe 
line is up to full pressure. This prevents any possibility 
of the butterfly valve opening automatically into an empty 
pipe line. A photograph of the control valve assembly 
is shown in Fig. 3. 

Obviously an air valve of generous area should be in- 
stalled on the downstream side of the valve to prevent for- 
mation of a partial vacuum and possible destruction of the 
pipe line below when the water drains as a result of the 
emergency, bringing about excess flow and shutdown. 

The foregoing description has applied to a butterfly valve 
installation. It may be applied to any hydraulically oper- 
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ated valve. The butterfly valve, however, is the ideal shut- 
off valve for the upper end of the penstock. It closely ap- 
proaches a self closing valve because after passing the first 
five degrees from the full open position there is a positive 
closing tendency until it has made a large percentage of 
the closing stroke. During the remainder of the stroke the 
journal friction becomes a large factor. The hydraulic op- 
erating cylinder acts as a dash pot during a part of the clos- 
ing stroke and furnishes the necessary force to complete 
the closure. 

In the installation described above, the oil from the oper- 
ating cylinder exhausts into a sump tank. A small motor 
driven pump which is float controlled automatically empties 
the sump when it has filled to a predetermined level and re- 
turns the oil to the gravity storage tank on the hillside 
above the valve. 

Other methods of utilizing the increased velocity of flow 
to cause valve closure are in use. One type employs a paddle 
placed in the stream and pivoted in a dome outside the 
pipe. When the velocity of the water exceeds a definite 
prearranged amount, the reaction on the paddle due to the 
velocity head overcomes the balance weight and gives the 
closing impulse. A mechanism of this type using a gravity 
actuated disk in the butterfly valve is shown in Figs. 4 and 5. 


AUTOMATIC SECTIONALIZING OF BREAKS IN 
Very LONG Pipe LINES 


An interesting application of bypass and sectionalizing 
valves has been made on the Mokelumne pipe line of the 
East Bay Municipal Utility District serving water to the 
City of Oakland. This pipe line is about eighty-four miles 
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Fig. 2. Differential pressure relay valve assembly. 
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in length, 65-in. inside diam., and is not designed for full 
static head. The special sectionalizing valves are located 
at approximately twenty-mile intervals at natural waste 
ways where the water can be discharged conveniently with- 
out damage to adjoining property. 

The assemby consists of an electric motor-operated but- 
terfly valve located at the throat of a venturi section in the 
pipe line, combined with a 24-in. inlet, pilot controlled, hy- 
draulically-operated relief valve which connects to the pipe 
line a short distance upstream of the butterfiy. Excess ve- 





Fig. 3. Control valve assembly. 


locity created by a major break downstream actuates the 
differential control, causing the electric motor operated but- 
terfly to make a complete closing stroke. The relief valve 
opens inversely with the butterfly closure, protecting the 
upstream conduit from objectionable water hammer and dis- 
charging the water from the upstream pipe into the waste 
way. Due to the fact that the pipe line is not designed 
for full static head, the relief valve dogs not have any self- 
closing feature with dash pot control, but continues to waste 
water until the flow is shut off at the upper end of the 
pipe line. A self-closing feature can be readily added for the 
conservation of water if pipe line conditions are such as 
to withstand the pressure incidental to full static head. 
Practically all of the equipment used in this installation, 
is standard and the features well known. The application, 
however, is unique and may find further application where 
similar conditions are met. A brief write-up of the equip- 
ment was contained in the September 27, 1928 issue of 
Engineering News-Record. 


AUTOMATIC REGULATING DEVICES 


Automatic Control of Discharge Through a Dam— 


It frequently happens that a power development is con- 
structed on a river, the flow of which must be maintained 
at normal value for irrigation or other purposes downstream 
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from the power house. If this condition holds, some regula- 
tory device must be installed to permit peak load operation 
of the plant. The usual method is to construct an afterbay 
dam which will impound the water passed through the units 
during the hours of peak load operation and permit of its 
uniform release throughout the day. 

Two main elements are present in the problem of design- 
ing equipment for this service. First the flow in the river 
must be maintained constant throughout the twenty-four 
hours of any given day, and second, the device must be cap- 





Fig. 4. Weight-operated self-closing balanced disk valve. 
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Fig. 5. Type of trip gear applied in connection with electrically 
operated valves. 
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able of adjustment to care for the natural variations in river 
flow from day to day or week to week or longer periods. 
With a fluctuating water level behind the afterbay dam 
caused by the varying load in the power house, a constant 
readjustment of discharge gate opening is necessary to 
maintain constant river flow. Automatic control is essen- 
tial in such a service. 

A typical installation will illustrate the features neces- 
sary for the proper functioning of such a device. Modifica- 
tions to suit special conditions will suggest themselves, but the 
basic principle will remain unaltered. The device, which 
is shown diagrammatically in Fig. 6, consists of three main 
elements, namely, the float mechanism, the relays, and the 
gate with its controlling motor and contactors. The float 
mechanism is installed in a float well, located in a calibrated 
section of the stream where the depth of water corresponding 
to a definite flow can be determined. 

The float mechanism consists of two sensitive, single-pole 
float switches which have an approximate travel of the 
operating lever of % in. between the full open and full 
closed position. The floats are mounted on a yoke so that 
they many be raised or lowered to maintain any desired 
water level in the stream. This provides for seasonal fluc- 
tuations in normal river flow. As illustrated in Fig. 6, this 
raising and lowering is accomplished by means of a screw 
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and handwheel, the position of the screw relative to the 
handwheel indicating the flow. Hand control of seasonal 
fluctuations will usually suffice as such fluctuations are not 
rapid and need not be compensated for oftener than once 
in a day, week or month depending upon conditions. If 
more frequent change is necessary, or if a remote control is 
desired, the handwheel may be replaced by a motor-driven 
gear wheel and a simple electrical control system installed. 

Under normal conditions, float switches “C” and “D” 
are open. If the discharge through the dam is excessive, 
the rise in level will cause switch “C” to close and relay 
“B” is energized. Relay “B” remains closed while switch 
“C” is closed and energizes tapping motor “M.” After the 
tapping motor has been energized the main contacts “K” 
close and energize relay “E.” This relay completes the 
circuit to the gate motor contactor and causes the gate to 
close, thus reducing the discharge. 

The tapping motor or its equivalent is an essential feature 
of the system. In the installation described the tapping 
motor consists of a Warren motor, two sets of contacts and 
a cam which has four risers. The cam which actuates the 
contacts is driven by the motor at the rate of one revolution 
per minute, thus making four contacts per minute. One 
set of contacts “I” is used as an interlock and is wired in 
parallel with the contacts of relay “B” which controls the 
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Fig.6. Automatic control equipment of gates. 


May 15, 1930 — Electrical West 


335 





motor. The interlock contacts “I” should be adjusted so 
that they will close before and open after the main contacts 
“K.” This arrangement prevents the motor from being 
stopped when the main contacts are closed. The tapping 
motor makes four contacts per second and the duration of 
each contact may be adjusted from 0 to 5 seconds. When 
the main contacts “K” of the tapping motor open, relay “E” 
is de-energized and the gate motion stopped. If, about 15 
seconds later, the level at “A” has not been restored to 
normal, switch “C” will still be closed and the main contacts 
“K” will again close and move the gate another small in- 
crement. The operation will continue until the level at “A” 
is restored to normal at which time switch “C” opens and 
the gate movement ceases. 

The main function of the tapping motor is to cause the 
gate to move a small increment at a time until the proper 
level is restored. It resembles in some respects the dash- 
pot restoring device on a governor which prevents over- 
travel of the gates on a turbine. In a similar manner the 
tapping motor prevents over-travel and hunting of the dis- 
charge gate. 

A falling water level in the stream reverses the process 
described above and closes float switch “O,” thus opening 
the discharge gate sufficiently to restore the level to normal. 

The equipment described above has been in operation for 
more than a year and has proven thoroughly reliable and 
satisfactory in holding the river flow constant at its normal 
rate regardless of the peaking operations of the plant and 
the fluctuating levels behind the afterbay dam. 


AUTOMATIC RADIAL GATES 


The automatic radial gate has many applications for the 
control of water flow, and a description of the operation of 
a typical gate together with brief mention of a few appli- 
cations will present the subject in sufficient detail to per- 
mit studies of the suitability of the equipment to meet the 
requirements under consideration by the reader. 

The California Corrugated Calvert Company has designed 
an automatic gate which is illustrated in Fig. 7. The method 
of operation so as to maintain constant upstream water 
level is also a part of the illustration, and further descrip- 
tion of the gate and that particular application will be un- 


necessary. Many gates of this type have been installed and 
are giving thoroughly reliable and satisfactory service. 


How the Automatic Control Gate is Operated 


By means of set screws, the sheave wheels (D-D) and (R) are 
fastened to the shaft (E). This shaft is made of standard black 
pipe (see details elsewhere) and revolves in roller bearings (G). 
The steel cables (C-C) are wrapped twice around the sheave 
wheels (D-D), in order to prevent slippage. One end of each of 
the cables is fastened near the bottom edge of the gate, while the 
other ends are fastened to the weight (F). This weight is con- 
siderably heavier than the gate. The steel cable (H) has one 
end fastened to, and is wrapped several times around the sheave 
wheel (R). The free end, running on the same side of the shaft 
as that on which the gate is suspended, is fastened to the bucket 
(1), which swings freely in the well (J). The bucket is partly 
filed with water so that it will counteract the weight (F) and 
keep the gate in a closed position, 

The well is equipped with a telescoping pipe (M), the upper 
end being provided with a funnel (L) in order to obtain a maxi- 
mum entrance area for the water. The pipe (M) may readily 
be adjusted by means of a handle bar (N). An outlet pipe (Q) 
is placed below the minimum downstream water level. A flush-out 
valve (P) is placed near the bottom of the well for cleaning pur- 
poses. 

Where flashboards are required, it is good practice to place them 
on each side of the gate, as shown. This will prevent the backlash 
trom the undershot radial gate from damaging the canal bank. 


How Constant Upstream Water Level is Maintained 


I. Assuming that the water is let into the canal, and since the 
gate and the bucket combined are heavier than the weight (F), 
ihe gate will therefore be in a closed position. 

As the canal is filled, the water eventually overflows the top 
of the funnel (L), flowing into the well (J) and out of the pipe 
(Q). But as the water continues to rise the intake of the funnel 
becomes greater than the outlet of the pipe (Q), since the inlet 
pipe (L) is greater than the outlet pipe. The water therefore rises 
in the well (J), reaches and partly submerges the bucket, thus 
decreasing its downward pull until the pull on each side of the 
shaft (E) becomes equal. As the water continues to rise, the 
weight (F) imparts a revolving motion to the sheave wheels (D-D) 
and raises the gate (B), permitting a portion of the water to 
escape. The rate of motion of the gate is equal to the rate at 
which the water in the well rises. 

The gate continues to rise until it permits sufficient water to 
escape to cause a drop in the upstream water level, which in turn 
diminishes the flow over the funnel and causes a drop in the water 
level in the well (J), gradually lowering the gate until it permits 
just enough water to pass to maintain a certain constant head 
above the top of the funnel. When this head is reached, the whole 
mechanism remains in a state of equilibrium, but will readily 
respond to any fiuctuation in the upstream water level. If the 
water level commences to drop, as would be the case when the 
laterals are being opened, less water runs over the funnel. The 
water level in the well drops and a consequent drop of the gate 
retains the same amount of water as is being drawn through the 
laterals, thereby maintaining an approximate constant water level 
in the canal. If the water level commences to rise, as would be 
the case while the laterals were being closed, or as the result of 
a cloudburst, more water runs over the top of the funnel, the 
water in the well rises and a consequent rise of the gate allows 
the excess water to escape. The water in the canal remains prac- 
tically constant. 





Fig. 7. Automatically controlled gate which maintains upstream water level. 
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A unique application of the principle was made at the 
Spaulding power house No. 3, of the Pacific Gas and Electric 
Company. This plant contains a single turbine-driven gen- 
erator unit discharging water into Lake Spaulding storage 


reservoir. The water level in the lake varies over a wide 
range as storage water is withdrawn, and it was constantly 
necessary to build a weir in the tail race in order to main- 
tain a draft tube seal on the turbine at times of low water 
in the lake. As the load on the turbine increases, the depth 
of the water over the weir increases, due to the increased 
water flow, and with increased tail water elevation the ef- 
fective head on the turbine is reduced and output is reduced 
correspondingly. An automatic radial gate was installed in 
one end of the weir and arranged to maintain a constant 
tail race water level under all load conditions. This gain 
in head in some turbine installations will permit of suf- 
ficient additional kw.-hr. output to more than justify the cost 
of the gate which is in itself simple and relatively inex- 
pensive. 

Another application of this type of gate with modifica- 
tions is in long canals where the runoff from small tribu- 
tary streams is fed into the main canal. At times of ex- 
cessive runoff these small streams may make an excessive 
delivery to the main canal. The automatic radial gate in 
this case would be installed across the canal and used for 
downstream water level control, with an upstream spillway 
to carry off the excess water. It may also be installed in the 
wall of the canal as a waste gate and operated to prevent 
the water in the canal from rising beyond a safe level. 

One installation has been made at Colgate forebay using 
one gate as a check gate under downstream level control 
in which the check gate closed when the downstream dropped 
beyond a predetermined elevation, it being assumed that 
the drop in level was occasioned by a break in the penstock. 
A second gate was installed as an automatic waste gate 
for disposing of the flow in the conduit, as it was not prac- 
ticable to raise the water surface in the wood flume to 
spill over an open spillway. 

Other adaptions can probably be made, the above being 
a few examples of installations which have actually been 
constructed. 


Automatic Frequency Control in 
Hydro-Electric Plants* 


This report contains a discussion of the need for 
maintaining an exact frequency on power company sys- 
tems and the means now in use to achieve that end. 
Several changes in practice made during the past year 
are recorded and a recommendation is made for an ideal 
automatic frequency control system. 


HERE are now three real conditions that require exact 

frequency control on power companies’ systems. First, 
certain industrial processes and methods require an exact 
frequency. Second, the complication of systems being inter- 
connected requires exact frequency control to keep the load 
supplied over tie lines to a constant value. Third, the in- 
creasing use of synchronous clocks requires an exact fre- 
quency for correct time. 


In order to keep the frequency of a system within narrow 
enough margins for the above conditions, a very close regu- 
lator or speed controller is required. The present mechanical 
governors have been unable to regulate as close as desired. 
Therefore, it is necessary to use super-refined speed control 
to meet this demand. There have been two methods used 


* keport of subcommittee on automatic frequency control, hydraulic 
power committee, Engineering Section. Lloyd F. Hunt, chairman. 
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for some time but during the last year very many changes 
have been made in both so the very latest arrangements of 
these schemes will be included here. 


METHOD I 


Automatie Frequency Controller—Proportional Step Type— 


Fundamentally the purpose of the equipment is to control 
frequency within relatively close limits by direct connection 
of a controller to the governor regulating motor on a steam 
or hydro-turbine. The controller is of a proportional step 
type which automatically sends out an impulse to the turbine 
governor regulating motor proportional to the frequency 
deviation from the control point. If frequency is below a 
definite amount, the controller will transmit an impulse to 
the regulating motor of a duration and direction suitable to 
cause the governor to speed up the turbine and bring the 
frequency to the control point within close limits. The con- 
verse applies if frequency is high. Since the controller oper- 
ates in steps proportional to the frequency deviation from the 
control point, there is no tendency for the control to over- 
travel or “hunt.” 

The control point on an instrument adapted for normal 
60-cycle operation may be adjusted over a range from 59 to 
61 cycles. This adjustment can be made at any time to over- 
come any slight cumulative frequency error and hold a correct 
average as indicated by a synchronous clock. 

In a typical installation the “raise,” “lower” and “common” 
leads from the controller are connected through suitable 
relays to the turbine governor regulating motor. If there 
are several turbo-generators in the power station, the auto- 
matic control can be placed on the largest machine and the 
others will naturally keep in synchronism with it so that the 
effect will be sufficient to control the whole station and pos- 
sibly the whole system. When the control is connected to a 
single turbo-generator and the frequency is at the normal 
point, the load should be somewhat below full generator 
capacity so that there is a leeway for governing. 

Fig. 1 is a reproduction comparing two frequency charts 
taken from the same recorder on the same power system 
under hand regulation of frequency and under automatic 
frequency control of the proportional step type. 

The details of control equipment are shown in wiring dia- 
gram, Fig. 2. By comparison with the circuit diagram of our 
widely used frequency recorder, it will be noted that the samv 
impedance bridge circuit is employed. Using this circuit, 
calibrations are accurate and permanent. Temperature co- 
efficient and usual voltage vibrations are negligible. 

The mechanical parts of the controller are identical to 
those that have been employed for years in the proportional 
step temperature controllers in installations where absolute 
dependability is required of the instruments. Fig. 3 illus- 
trates the instrument with case closed. 


In the foregoing description the connection of only one 
turbo-generator to the controller has been considered. If the 
station or system connection is of such a nature or propor- 
tion that one turbo-generator cannot handle the load fluctua- 
tions to maintain frequency, two or more machines may be 
connected in parallel to a single controller. In this case 
however it will probably be found necessary to adjust for the 
differences in characteristics and sensitivity of the turbine 
governing mechanisms. This adjustment can easily be made 
by inserting proper resistances in some of the individual 
control circuits to equalize the effect of the control impulse 
on all turbines. 

In addition to this description of the frequency control 
equipment, an example of its practical application may be 
of interest. A frequency controller of this type has been 
in operation for some months at the Wallenpaupeck Station 
of the Pennsylvania Power & Light Company. This is a 
hydraulic station. Load fluctuations are particularly active 
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Fig. 1. Comparison of frequency of a large power system under manual and under automatic control. These charts were made 


by a frequency recorder with a range from 58 to 62 cycles. 


Charts are nominally 10-in. wide. 


Accuracy is guaranteed with- 


in plus or minus 0.1 cycle. 


on this station and prior to the installation of the frequency 
control equiment it was extremely difficult to regulate fre- 
quency. It is now reported that frequency is being controlled 
to better than 0.1 of a cycle continuously and averaging 
within plus or minus 0.05 of a cycle. There is no doubt that 
frequency control within close limits on a steam station could 
be more easily obtained than on this hydraulic station, due to 
the fact that steam turbine governors are usually much more 
sensitive than hydro-turbine governors. 


FLAT FREQUENCY CONTROL 


The automatic frequency controller as described above is 
one of the original developments in this field and is used to 
maintain constant system frequency in conjunction with man- 
ual distribution of load. It has been used particularly in 
simple installations where it is possible to regulate system 
frequency with a single generator. If at any time the load 
variations become too great for the single generator to carry 
and still maintain the desired frequency, it is then neces- 
sary to rebalance the load manually as is done in the ordi- 
nary manual operation of the station or system. The manner 
in which this controller functions is outlined in greater 
detail in the preliminary description. 


Due to very recent developments which are outlined here, 
the information in the preliminary description must be modi- 
fied. The combination of automatic frequency and automatic 
load distribution control takes advantage of the proportional- 
step controller but requires some changes in design. Briefly, 
the controller described in the preliminary description as now 
supplied is equipped with only the motor driven contact mech- 
anism and the actuating galvanometer. This contact mech- 
anism is in reality a motor driven interrupter the duration 
of the contacts in which are practically proportional to the 
amount of adjustment required to return the frequency to 
the desired value. This mechanism is identical with that 
employed in all of this manufacturer’s recording mechanisms, 
with the exception that the rotating cams are employed for 
high and low control contacts. In order to give a clearer 
conception of this construction Fig. 4 attached shows printed 
figures in perspective of the mechanism and shows the pro- 
portional stepping mechanism under discussion excluding the 
driving moter. The cams, 6E and 6L, Fig. 5, are rotating 
normally at a speed of 27.5 r.p.m. This speed may be 
changed to a different value if conditions require it. Assum- 
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Governor Motor 


Fig. 2. Wiring diagram, automatic proportional-step frequency 
controller. 


ing for example that system frequency is being controlled 
at a predetermined value of say 60 cycles, the galvanometer 
pointer will rest in the center of the notch (see Fig. 5) and 
therefore no impulses will be sent to the governor mech- 
anism. However, if the frequency deviates from the control 
value the pointer will be pinched as shown in Fig. 4 causing 
one of the cams to strike the Yocker arm 2, making a high 
or low contact. As previously explained, the mechanism is 
so designed that the duration of the impulse thus formed 
corresponds practically to the amount of adjustment required 
—that is, the mechanism tends to make the generator change 
speed in the amount required by proportional steps. 

Two separate pieces of equipment are supplied with the 
contacting mechanism. First, a frequency load setter con- 
taining the calibrated load, frequency and bias dials; and, 
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second, a steel container with condensers, filter and a poten- 
tial transformer. Obviously the purpose of this arrangement 
is to provide flexibility so that a complete control system 
may be installed later if it is desired to employ only flat 
control in the beginning and furthermore in order to use 
the same mechanism for both load and frequency control. 


AUTOMATIC FREQUENCY CONTROL WITH AUTOMATIC LOAD 
DISTRIBUTION CONTROL 


With larger installations where there are a number of 
generators in the station, all of which may be required in 
regulating system frequency, the flat frequency controller is 
not entirely satisfactory, since distribution of the load among 
the different generators manually becomes difficult, especially 
if the variations in the system load are numerous and rapid. 
Furthermore, conditions may be such that one generator will 
assume a greater or lesser proportion of the load fluctuations, 
due to difference in governors, causing serious unbalance of 
load. The resulting fluctuations in speed will not provide 
close frequency regulation under these conditions. For these 
reasons we have developed additional apparatus which will 
not only distribute the station load among different gener- 
ators but will also maintain constant frequency at the same 
time if desired. Two systems have been developed, one which 
distributes the load proportionately between the generators 
in the station and the other which distributes the load eco- 
nomically between the generators, both maintaining constant 





Fig. 3. Automatic proportional-step frequency controller with case 
closed. 


frequency. The proportionate load distribution system is 
applied when the efficiency characteristics of the generators 
are practically identical. In installations where the efficiency 
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characteristics of the individual generators differ widely, the 
economic distribution of load system is recommended. 

Assuming that all generators in one station are to be 
automatically controlled and that all generators in the sta- 
tion have practically identical efficiency and characteristics, 
this system of frequency control with automatic proportional 
load distribution control will enable the station to be operated 
in any one of the following ways: 


1. Frequency control on the entire station with automatic propor- 
tionate load distribution among the different units. 

2. Base load control on the station without regard to frequency 
and with definite load distribution among the different units, 

3. Biased load frequency control on the stations. 

4. Operation with practical combinations of the above, that is, 
the station might be operated with automatic frequency control on 
one unit and base load maintained on the others. 


The way in which these different types of control are 
obtained is outlined as follows: 

Flat Frequency Control on the Station With Automatic 
Proportionate Load Distribution Among the Different Gen- 
erators.—In order to control in this manner, each generator 
in the station is provided with a proportional-step frequency- 
load controller mechanism. The appearance of this controller 
is as shown in Fig. 3. This mechanism is the same as that 
described under previous section. 


The measuring circuits for both frequency and load con- 
trol are mounted in a separate container equipped with fre- 
quency, load and load bias dials, which is called the load 
frequency setter. For frequency control the same basic meas- 
uring circuit is employed as in the frequency recorder. This 
circuit consists of an impedance bridge, the balance of which 
is dependent upon the instantaneous frequency values. 


One generator in the station is selected arbitrarily as a 
pilot controller to regulate frequency by the proportional- 
step controller connected to it. The rotary selector switch 
provided with the complete equipment would therefore be set 
at (F) “frequency” for this generator. This procedure might 
swing the load on this generator a considerable amount. In 
order to arrange the controller equipment so that each gen- 
erator will share proportionately in the frequency regulation, 
a shunt is connected in the current transformer circuit in 
one phase. The potential drop across the shunt in the gen- 
erator which has been selected as a pilot controller is opposed 
to another potential drop across the shunt in a second gen- 
erator through the galvanometer of the proportional-step 
controller mechanism. When these two potentials are equal, 
that is, when the loads on the generators are equal, assuming 
equal capacities for the generators, the controller causes no 
action. If the potentials become unequal the second controller 


Mechanism Unbalanced 
Figures 


Mechanism Balanced 
Figures 





Figs.4 and 5. Recorder mechanism in balanced and unbalanced 
position. 
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will regulate the generator through the governor mechanism 
until the second generator takes on the same load as the pilot 
generator. This same action is extended to any other gen- 
erators under automatic control in the station. The rotary 
selector switch on all generators participating in the load 
fluctuations would be set at P-L, “proportionate load.” 

Although the potential drop across each of the shunts in 
combination with the current transformers on the various 
generators is used as a measure of the total current output 
of an individual generator, this value is introduced into the 
control circuit in such a manner that only the power com- 
ponent is effective. In other words, the controller is operated 
fundamentally by its actual measurement of power in 
kilowatts. 

Base Load Control on the Station With Definite Load 
Distribution Among the Different Generators.—With this 
arrangement a so-called “hand operated load setter” is fur- 
nished for use in connection with the controller on each gen- 
erator. If for example it is desired to hold a base load of 
120,000 kw. on a station having six machines all alike, each 
individual load setter would be set at 20,000 kw. and each 
machine would then take its share of the total load. This 
is accomplished by the use of an a.c. potentiometer in each 
load setter, that is, in each load setter there is a slide wire 
fed from an a.c. source so selected as to have a certain 
definite phase relation with respect to the power component 


Loan Fesquency Conreoier 


Conn. To Taps Or Puasine Teans. 
To Be Mane Arrem InstTaLLarion 
Ste Specs. \]52-4 


} To Orne Unirs 


ApuusTasie PHASING 
TRANSFORMERS 











ee 
NO-120 V ii 
stoume “TT || ieee 
AC. Low Voltage Relays Under Current Relay 


W0-i20 Vv. OC B 















[ © 


| 
| Lowee 


Restt||@ © = , 
EL 
| 4 





Blorrout Coil 
Gov. Motor Relay 

















i iF _ Hand Oper. 
fench Bd. Sw. Bd ra tt fet? L_] Control Sw. 
Trip rip | 
ee ct */* Limit Sw..on Gor 
Switchboard trip moy D.C. No Voltage Relay 
be omitted if desined inst! 
nsviating 
(a) eoring Fiald Yo Gengrator 
‘Gov. Motor 


Current Trons. 


To Orner Units 
Burden 1VA. Approx 


These conn. are common i.g. open - 
auto. control to all gen. units on jon 
voltage A.C. or no voltage DC 


—~+—-——— These conn. to be duplicated 


for 2och generating unit 














Se 


in the drop across the shunt in each generator current trans- 
former circuit. In other words, the emf. on this slide wire 
may be made proportional to the load desired on the machine 
and this emf. is then opposed to that of the shunt in the 
corresponding generator. If the load of the generator is 
then above or below thas value, the galvanometer of the con- 
troller deflects one way or the other and in turn operates 
the relays controlling the synchronizing motor on the cor- 
responding turbine. For this control the rotary switch is 
set at I-L, “independent load.” 

Biased Load Frequency Control on the Station.—With this 
arrangement the controller on each generator is operated 
as a frequency controller, the calibration of which is varied 
a small amount by an increase in load on its corresponding 
generator. When controlling one station alone this feature 
may be of no particular value in itself, but when it is 
desired to control frequency on an entire system with several 
stations participating it will have certain advantages. 

The result of operating a generator on biased load fre- 
quency control is that under stable conditions the generator 
is operating at a fixed load. When the frequency of the 
system fluctuates due to changes in load the generator with 
biased control assists the pilot generator to assume such 
changes, but while the system is being adjusted again to a 
condition of equilibrium by the pilot generator the generator 
with the biased control is returning to the load point at 
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Contacts close as follows 

Frequency (F) \-2,3-4,5-6 

Load Biased Freq. (LF) 5-6,7-8, 9-10. 
Proportional Load (PL) 11-12, 13-14. 
Independent Load (LL) 13-14, 15-16, 17-18. 


19-20 is normally closed and opens when 
switch is moved ‘from ong position to another: 


Fig. 6. Detailed wiring of control equipment for one unit, proportional load-frequency control, with rotary switches. 
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which it was originally set by taking load from or delivering 
load to the pilot generator. 

The net result of this procedure is closer control of system 
frequency than could be obtained with only a single generator 
operating on flat frequency control because the generator 
or generators with biased control assist the pilot generator 
during the periods of fluctuations. The rotary switch is set 


at L-F, “load biased frequency,” and tables can be supplied 
to show the amount of bias required. 
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AUTOMATIC FREQUENCY CONTROL WITH AUTOMATIC Eco- 
NOMIC LOAD CONTROL BETWEEN GENERATORS 


This scheme is adapted to obtain the same flexibility of 
control as is obtained with the proportionate load distri- 
bution scheme described above. As previously mentioned, its 
recommendation in preference to the proportionate load dis- 
tribution scheme depends only upon the dissimilarity of the 
efficiency characteristics of the generators concerned or for 
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Fig. 7. Wiring diagram of automatic frequency control with automatic economic load distribution between generators 
as now installed at the Norwood Station of the Carolina Power and Light Company. 


With the arrangement capable’ of giving either flat fre- 
quency control with automatic load distribution or with base 
load control, this added feature of biased load frequency 
control can be obtained and is available if et a later date 
it is desired to operate an entire system with automatic 
frequency control with a number of stations participating 
in the control at the same time. 

Fig. 6 gives the complete detailed wiring of the control 
equipment for the frequency proportionate load distribution 
scheme. With reference to this diagram we wish to call 
attention to the arrangement employed in introducing a 
potential from the shunt across the current transformer 
into the circuit, which is proportional to the power com- 
ponent of the current output from an individual generator. 
The phasing potential transformer shown in the upper por- 
tion of the drawing is adjusted for unity power factor and 
if the particular generator is operating at a power factor 
less than unity, the potential drop across the shunt is cor- 
rected correspondingly. The equipment is therefore inde- 
pendent of power factor. 
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adaptation in such instances where economies result from 
the use of certain fixed and predetermined loading schedules. 
Fig. 7 gives complete wiring diagram of the automatic fre- 
quency control with automatic economic load distribution 
between generators as now installed at the Norwood Station 
of the Carolina Power and Light Company. 


The arrangement of automatic control with automatic 
economic load distribution incorporates the following features 
of operation: 


1. Frequency control of the entire station, with automatic eco- 


nomic control of load distribution among the various units. 
2. Base load control on the entire station without regard to 
frequency and with automatic economic distribution of load among 


the generators, 


$. Adjustable load control on the entire station independent of 
frequency and also independent of any automatic economic distri- 
bution of load. In other words, base load control with manual 
adjustment of the ratio of loads carried by the various machines, 
4. Biased load-frequency control on one generator with economic 

distribution of the load among the remaining generators. 
341 


5. Operation of station with a combination of certain of the 
above features; for instance, automatic frequency control on one 
generator with the remaining generators set manually for any 
desired ratio of load. 


The manner in which these features of control are accom- 
plished is essentially the same as the proportionate load 
distribution scheme. For the entire group of generators one 
frequency control setter is utilized which contains an imped- 
ance bridge circuit for frequency control. By suitable selector 
switches the controller of any one unit can be employed 
with this bridge circuit and again this generator is selected 
as a pilot for the frequency regulation. Instead of a shunt 
in the current transformer curcuit of each generator, a 
Westinghouse graphic watt-meter is utilized on each machine 





Fig.8. Mechanical connection of transformers to wattmeter. 


to drive a transmitter which contains two slide wires. One 
slide wire is used for remote indication of the load on the 
machine and is connected to a total load recorder. The 
second slide wire of the transmitter is calibrated in accord- 
ance with the efficiency characteristics of each individual 
generator. These calibrated slide wires operate on the prin- 
ciple of a.c. potentiometers. The manner in which the trans- 
mitters are connected mechanically to the wattmeter is 
shown in Fig. 8. 

A frequency recorder is utilized both for the record of 
operation which it furnishes and for the protective feature, 
which is accomplished by utilizing contacts in the recorder 
which will open the automatic control circuit if the frequency 
exceeds certain predetermined high and low limits, and at 
the same time turns the station over to manual control of 
the generators. The total load recorder, in addition to pro- 
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viding a record of the station load, has contacts mounted 
in it which operate in conjunction with high and low “load- 
limit” switches which enable the operator to hold the total 
load variation on the station to certain limits. In the event 
that there is a tendency to exceed these limits, the auto- 
matic control is automatically cut out and the station is 
turned over to manual control. Through special switches 
the automatic control is so arranged that any adjustment 
on any generator may be made immediately. Any attempt 
to change the scheme of control, for instance, from frequency 
control to base load control, results in the disconnecting 
of the entire automatic control, which must then be reset. 
In addition to the above, protection is further provided 
through low voltage relays which will open the automatic 
control circuits and place the station on hand control. 

It seems unnecessary to describe the operation of this 
system in detail since practically all of the features cor- 
respond with those described under the proportionate load 
distribution scheme. For load distribution control the poten- 
tial drops along the calibrated slide wires in the trans- 
mitters are opposed and provide the same sort of control 
as is obtained with the shunts in the proportionate load 
distribution scheme. For base load control the potentials 
along the slide wires in the transmitters are opposed to 
potentials over similar slide wires mounted in the total load 
setter. Each transmitter is equipped with a switch having 
two positions, one marked interconnect and the other inde- 
pendent. For adjustable load control on the entire station 
independent of frequency and also independent of auto- 
matic economic load distribution, these switches would be 
set in the independent position and then by adjusting a 
separate dial mounted in the same transmitter, the operator 
may regulate the load on any generator to any particular 
point that may be required. 


Method II.—Synchronous Clock Control— 


DESCRIPTION OF AUTOMATIC FREQUENCY AND LOAD CONTROL 
EQUIPMENT 


In order to study the details of this device with the least 
confusion let us confine our attention for the time being 
to one station with a plurality of generators equipped to 
control automatically frequency and load. It should be 
emphasized here that sufficient generating capacity must be 
assigned to automatic control to take care of the maximum 
expected load change in the system during a certain definite 
period. Load fluctuations in excess of this magnitude over 
greater periods must be absorbed by base load stations, 
shiftirg load “in block,” thereby keeping the required load 
in the automatic station or stations within the normal 
capacity. The automatic frequency and load control equip- 
ment in this station would consist essentially of: 


1. A master frequency regulator. 
2. A unit load controller for each prime mover. 


COMBINED OPERATION OF MASTER REGULATOR— 
SEVERAL CONTROLLERS 


A complete set-up for one automatically controlled station 
is shown schematically in Fig. 9 with two unit load con- 
trollers for two prime movers. As many unit load controllers 
as desired for additional machines can be added by merely 
connecting the additional secondary relays for the governor 
control motor circuits to auxiliary busses 54 and 55. 

When contact 12 in the master regulator is closed as a 
result of low frequency the “raise” master relay 41 is 
closed, energizing auxiliary bus 54 to which are connected 
all the “raise” secondary relays in the governor control 
motor circuits. When the control equipment is operative, i.e., 
with the reset relay 48 closed, these secondary “raise” relays 
will close provided the respective unit load controllers are 
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in the proper position. The closing of these relays causes 
the governor-control motors of the prime movers to respond 
to the correcting impulses, increasing the load on these 
machines until the unit controllers open the impulse circuit, 
which occurs after the load has reached the proper value. 
Similarly when the contact 11 in the master regulator closes 
as a result of high frequency, the “lower” master relay 40 
is closed and auxiliary bus 55 for all the secondary “lower” 
relays in the governor-control motor circuits is energized, 
resulting in a decrease in load as indicated by the unit 
load controllers. 

The master regulator detects errors in system frequency, 
simultaneously sends out correcting impulses, and records 
the integrated error between system time and pendulum 
time in the unit load controllers. Suppose for example in 
a given 60-cycle system the load is suddenly increased by 
an amount sufficient to drop the frequency 1/10 of a cycle. 
If the total active generating capacity of the system and the 
system load-speed characteristics are known, the actual mag- 
nitude of the load increase is then known and the automatic 
station must pick this up in order to restore the frequency 
to normal. If the automatic station were able to visualize 
this load change immediately and respond accordingly the 
frequency would never have dropped. However it takes a 
certain time for the control mechanism to respond, and the 
system has been operating slightly below normal during the 
time it takes to get the load increased on this station by a 
sufficient amount to give normal frequency again. 

Integrated time error can therefore be used as a basis of 
loading the machines in the automatic station. As the load 
on the system increases the system tends to run slow; the 
master regulator causes the integrated error hands on the 
control boxes to move ahead and impulses are sent to the 
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control motors of proper direction and magnitude to cause 
the load on the machines to follow the time error hands. 
lt should be borne in mind that after each successive change 
in load the system is back to 60 cycles, but during this 
adjustment a slight change in time occurred. Experience 
has determined that it is practically possible to transfer 
the total load of a station with an integrated time error of 
one second on the system. 

The unit load controllers are in a sense electrically geared 
together in such a way that their loads follow correctly 
the position of the integrated error hands and are unable 
to depart from this value while under the control of the 
automatic equipment. 

In case the system frequency varies in excessive amount 
the emergency contacts 19 close and energize the trip relay 
42. The reset relay 43 must be closed for the equipment 
to be operative, since this relay is in series with the impulse 
circuit of all the unit load controllers. The reset relay is 
also tripped out by any manual attempt to adjust the load 
on the machines with the governor control switches 53 and 
56. The equipment is made operative again by pulling the 
reset swith 51 to close the reset relay. 


THE MASTER FREQUENCY REGULATOR 

The master regulator, as shown in Fig. 10 and by the 
schematic arrangements in Figs. 8 and 11, contains an 
extremely accurate pendulum which is used as a standard 
of frequency and time. The system frequency is checked 
with the beat of the pendulum and correcting impulses are 
sent to the generator prime movers every two seconds. The 
following description pertains to one of the earlier regu- 
lator designs, which on account of its simplicity lends itself 
more readily to an analysis. Experience has led to several 
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Fig.9. Schematic wiring diagram for automatic frequency and load control. 
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refinements of the basic principles but will not be referred 
to here. 

The Pendulum—The pendulum (Fig. 11) in the master 
regulator is of the proper length to giveone complete 
oscillation in two seconds with the major portion of the 
weight at the lower extremity. The pendulum rod is made 
of invar to compensate for practical temperature changes 
and adjustments are made in the field by adding small cali- 
brated weights to a pan 20 located part way up the pendulum 
rod. These weights are calibrated in “fractions of a second 
per day.” When reasonably installed and properly calibrated 
this pendulum will keep time within one second per day. 
It is advisable to check pendulum time at least once a day 
with Arlington time by any of the approved methods, using 
an inexpensive permanently tuned radio signal receiver. 

Energizing the Pendulum—Located near the pendulum 
support is a cam 2 driven by a synchronous motor 3 
from the regulated system and geared to make one complete 
revolution every two seconds if the system frequency is 
correct. In normal operation when the pendulum has already 
reached its maximum position to the right and is receding, 
the flat portion of the cam will be approaching the top in 
a clockwise direction and will then allow the follower 4 
co drop. In doing so, the light steel rod 5 is allowed to 
press against the pendulum 1, imparting to it a small 
definite gravitational impulse since the follower is not sup- 
rorted by the cam at this instant. 

As explained in the following paragraphs, the cam is 
brought back into the proper phase relation at every revo- 
lution so that the impulse is imparted at the correct pen- 
dulum position at every oscillation. These impulses are of 
the proper magnitude to maintain the correct amplitude of 
pendulum swing, and the energy obviously is supplied by 
the motor driving the cam through the process of lifting 
the light steel rod away from the pendulum after the impulse 
has been given. 

) Detecting Errors in System Frequency—The cam also has 
— another important duty to perform. Referring to Fig. 11b 
it is seen that just before the flat part of the cam arrived 
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at the top, a pin bumped the push rod 6 to the right off 
the follower 4. The push rod acts then as a free pen- 
dulum supported in the middle by the fulcrum arm 7 
which on account of the weight of the push rod has swung 
to a definite position as determined by a stop 8. The 
push rod is also in such a position that it tends to swing 
about its fulcrum in a clockwise direction as soon as the 
follower is lowered by the arrival of the flat portion on 
the cam. So while the push rod is swinging to the left over 
the follower the cam has allowed the light steel rod to 
impart its impulse to the pendulum and then the longest 
radius of the cam raises the follower to its extreme height, 
catching the free pendulum or push rod somewhere in 
its swing. 

In normal operation the push rod is caught on the “fol- 
lower” in such a position that it will be raised in a neutral 
zone midway between the two contact arms 9 and 10. If 
the cam is ahead because of high system frequency the push 
rod will be raised in a position as shown in Fig. lle and 
if the cam is behind because of low system frequency the 
push rod will be raised in a position as shown in Fig. 11d. 
It should be emphasized that the push rod is always trapped 
in a position which is off center by an amount proportional 
to the cam displacement. The push rod is raised by the 
use of the cam to an extreme upward position, closing the 
contacts at once, and as the cam advances and the radius 
decreases the push rod slowly drops to a position where 
the contacts are opened. On account of the stepped nature 
of the contact arms then the contacts are closed for a period 
which is proportional to the amount the push rod was off 
center because of a corresponding error in cam _ position. 
The closing of these contacts will be referred to as the 
correcting impulses “generated by the master regulator.” 

It has been pointed out that the correcting impulses are 
of a duration proportional to the cam deviation, which is 
equivalent to the integrated time error of the system during 
the two-second interval, and since the interval is so short, 
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Fig. 12. Unit load controller, position motor type. 


the impulses are practically proportional to the instantaneous 
frequency deviation. 


Restoring the Cam 





Suppose during any revolution of the 
cam that it has fallen behind on account of low frequency 
by an amount sufficient to generate a correcting impulse. 
Without considering how it is done, for the time being, this 
impulse goes to the governor-control motors giving them a 
few turns to open the governors, resulting in an increase 
in system speed. This same impulse simultaneously causes 
directional motor 15 to run at a definite speed and 
through a proper gear ratio to shift the stator of the cam 
motor, thereby restoring the cam into the correct phase rela- 
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tion with respect to the pendulum. The cam is now starting 
from scratch again and is ready to check any existing fre- 
quency error in the system during the next two-second 
interval. 

Experience has determined just what magnitude of impulse 
per cam deviation gives the best operating result. Suffice 
it to say that a generous impulse is sent out when neces- 
sary, and the cam is restored by this total impulse while 
the unit-load controllers decide, as is shown later, whether 
it is necessary to send all of this impulse to every governor- 
control motor or not. The master regulator presupposes that 
the correcting impulse would give the desired results and 
then with the cam restored into correct phase position and 
the system frequency back to normal no more impulses will 
be sent out until another disturbance in frequency occurs. 

The restored motion of the cam is important in that it 
allows energizing impulses for the pendulum to be imparted 
at the proper time, causes correcting impulses to be sent out 
which are practically proportional to the instantaneous fre- 
quency deviation and prevents correcting impulses being 
sent out to produce a hunting cycle. 


Integration of Time Error—It is evident that restoring 
the cam with every impulse causes a slight time error to 
remain in the system. However the magnitude is very small 
and a record is kept of the actual magnitude and used as a 
basis for dividing load between the machines. When the 


cam is being restored by the directional motor 15, a 
commutator 14 in the master regulator is turned by 
this directional motor and this commutator transmits 


impulses to the telemeters in the load controllers. Thus 
each unit load controller has a hand on it which at any 
time tells what the integrated time error in the system is, 
provided no manual adjustments have been made. 





Fig. 13. Unit load controller mechanism, position motor. 
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Pendulum Time—Pendulum time is indicated on the stand- 
ard clock dial 16 in the master regulator. The clock 
is operated directly from the cam shaft by the same motor 
that indirectly energizes the pendulum. Since the cam is 
restored into time phase with the pendulum, this clock 


Fig. 14. Wattmeter type unit load controller without cover. 


records pendulum time with a possible error of plus or 
minus 1/400 of a second since the cam position may vary by 
that amount and not result in a correcting impulse. 


The clock is equipped with a second-hand which makes 
one complete revolution per 30 pendulum oscillations and, 
practically speaking, per minute. This clock is also equipped 
with contacts which close once per minute and may be used 
as one means of checking pendulum time with Arlington time. 


Sensitivity of the Impulse Generator and Emergency Sig- 
nals—Tests show that deviations of the cam position of plus 
or minus % degree will cause the first order of impulse 
to be given out. This means that the average frequency 
error for the last two seconds was 0.075 cycle on a 60-cycle 
system and that the accumulated time error during that 
period was 1/400 second. If the frequency error is as much 
as % of a cycle on a 60-cycle system the emergency con- 
tacts 19 are closed and the automatic equipment tripped 
tree from the machines. Further, any attempt to change 
the load manually through the governor-control motors trips 
ithe automatic equipment free. An indication is then given 
to the operator that certain conditions have arisen on the 
system which the automatic equipment is not expected to 
take care of. 

These emergency limits which at first appear to be rather 
narrow are quite ample, since on a system reasonably satu- 
rated with automatic control equipment ordinary severe load 
shocks seldom. cause frequency errors greater than 0.2 cycle. 





THE Unit LOAD CONTROLLER 


Each prime mover assigned to automatic frequency and 
load control in a station is equipped with a unit load con- 
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troller. These controllers act as filters for the impulses 
which come from the master regulator on their way to the 
governor-control motors in such a manner that the loads 
on the geenrators can be divided in a predetermined ratio. 
At present there are two types of unit controllers. 


(a) Unit load controller, position-motor type. 
(b) Unit load controller, wattmeter type. 


Unit Load Controller, Position-Motor Type—This type of 
controller shown schematically in Fig. 12 checks the load 
on each prime mover in terms of operating cylinder position 
on steam turbines and in terms of gate opening on a water- 
wheel. A Selsyn generator located at the prime mover ener- 
gizes a corresponding Selsyn motor 69 in the unit con- 
troller, which is located in the operating room thereby giving 
a positive indication of either operating cylinder position 
or gate opening. Fig. 13 shows the mechanism of this type 
of controller. It is arranged to be attached to a frame 
similar to that shown in Fig. 14 and is thus suitable for 
switchboard mounting. 
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Fig. 15. Schematic detail diagram of unit load controller. 


While the flow-travel curve of a steam turbine is not a 
straight line and hence load is not strictly proportional to 
valve opening, this discrepancy is not of sufficient magni- 
tude to prevent the controllers dividing the load satisfactorily 
between machines. 


Load Indicator—Referring to Fig. 12 it is seen that the 
load indication is reflected into the controller through the 
Selsyn motor 69. As the throttle opens from no load to 
full load the threaded shaft 68 turns approximately 300 
degrees and a red hand 65 on the dial in front indicates 
the throttle position. 


Integrated Error Hand—The telemotor 25, which is ener- 
gized by the commutator in the master regulator, turns in 
response to integrated error in the system and in so doing 
turns the nut 67. The position of this nut is indicated by 
the position of the black hand 66 on the dial and the gear 
ratios are so chosen that the black hand covers approxi- 
mately 300 degrees of arc for one second integrated time 
error. 

The movable contacts 27 will be centrally located when 
the two hands are coincident, i.e., the load (throttle posi- 
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tion) corresponds to the integrated time error. As the sys- 
tem slows down the telemotor revolves and turns the nut 67. 
This moves the contacts to one side allowing only impulses 
to go through, which will increase the load on the machine; 
and as the throttle is opened, the Selsyn motor 69 turns 
the threaded shaft 68 in such a direction that the contacts 
become central once more and the two hands on the dial 
coincide. The function of this unit controller is then to 
allow impulses to go through to the governor-control motors 
so that the red throttle-position hand follows faithfully the 
position of the black integrated time-error hand. 


UNIT LOAD CONTROLLER, WATTMETER TYPE 


This type of controller, as shown in Figs. 14, 15 and 16, 
checks the load on each prime mover directly in terms of 
generator watts. It is designed for switchboard mounting 
and in addition to giving a direct check on the machine 
output, dispenses with the electrical connections between the 
turbine room and operating room to operate the Selsyns, 
This device, as shown in Fig. 16, is suitable for mounting 
on the switchboard panel. 

Wattmeter Element—The unit load controller, as shown 
in Figs. 14, 15 and 16, consists primarily of a standard 





tt sae es 


Fig. 16. Wattmeter type unit load controller. 


single-phase or polyphase graphic wattmeter 26 with the 
curve-drawing elements removed. It is designed to give high 
torque without imposing too much additional burden on the 
instrument transformers of the generators which now sup- 
ply the meters and instruments on the generator panel. 
The shaft has mounted on it two insulated contacts 27 


ai 
at the same’ potential, which rotate with the shaft over a 
limited arc between the two stationary contacts 28. A pointer 
29 which shows through a small opening in the scale plate 
30 indicates zero when the wattmeter contacts are central 
with respect to the stationary contacts and both circuits will 
then be closed. 
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Integrated Error Hand—The commutator in the master 
regulator as it turns energizes successive coils of the tele- 
motor 25 in each unit load controller, resulting in rotation 
of the telemotor shaft. As the system slows down the tele- 
motor revolves and through the sector gears increases the 
tension on the wattmeter spring. This means that it will 
require more load on the generater to produce a corres- 
ponding wattmeter torque to neutralize this increased ten- 
sion of the spring and bring the small pointer 29 back to 
zero, in which position the contacts are central and the 
machine is at the required load. 

When the spring tension requires no wattmeter torque to 
balance it the integrated time-error hand 33 will be at zero. 
As the tension on the spring is increased, this integrated 
time-error hand is simultaneously moved across a scale until 
the spring has a tension requiring full-load torque to balance 
it when the error hand is at full scale. This error hand 
then indicates the load on the machine if the small pointer 
29 is at zero. 


Division of Load Between Machines—Referring to Figs. 9 
and 11, the master regulator’s contacts 12 will be closed 
intermittently on account of a slow system frequency. The 
closing of this contact closes the corresponding contactor 
41, which is capable of handling current for ali the governor 
motors. In the meantime the master regulator was turning 
the commutator and increasing the tension of the wattmeter 
restraining springs in all the watt unit controllers and 
moving the nut 67 in the Selsyn unit controllers through 
the medium of the telemotors. The unit control contacts are 
row in such a position that only impulses which will increase 
load on the respective generators can go through to the 
governor-control motors. If the governor mechanism of one 
unit is more delicate or faster than others (see Fig. 17A 


machine 1) the impulses will be allowed to go through until 
such time as the watts output or throttle position corresponds 
to the position of the integrated time-error hand and then 
the circuit is opened. In the meantime, the unit controllers 
of the more sluggish machines allowed the impulses to go 
through until their loads were of the proper amount. 

















Machine No.1! 
Machine No.2 





No Load Full Load 


A- Diagram Showing How Governor Contro! 
Motors Shift Speed Requlation Curves 


Normal Speed 


<9 $e ey 


B- Diagram Showing Machines Increasing 
Load 


Normal! Speed 
tactician ihc te ciiatccncinsill i 


C- Diagram Showing Machines Decrees 
Load 


Fig. 17. Diagram Showing how governor control motors 
regulation curves. 


shift speed 





The unit controllers thus dictate to their respective ma- 
chines and proportion the impulses of the master regulator 
so that load is eventually divided proportionally to the rat- 
ings, independently of the speed-governor characteristics and 
as a direct function of the system time error. 

Limiting Load on a Generator—Adjustable stops are 
arranged in the unit load controller wich restrict the travel 
of the integrated time error hand. If 9/10 load is the maxi- 
mum desired on a generator, the stop 34 would be set so 
that when the error hand reached the stop it would require 
only 9/10 watt to balance it. A slipping clutch arrange- 
ment 35 allows the telemotor to continue to respond to the 
clock, but this unit controller will not allow any additional 
increasing impulses to go on to the control motor. This 
means, of course, that the regulation requirements are taken 
care of by the remaining machines. The minimum load stop 
accomplishes similar results. A similar stop arrangement 
is used on the Selsyn type whereby the rotation of the nut 
67 is limited. 


Rate of Load Transfer—At present the gear ratios are 
chosen so that an integrated time error of 1.0 second will 
move the error hand in the unit load controllers to full scale, 
demanding full load on the machines. This means that if 
load is increasing on a 60-cycle system at such a rate as 
to keep the average frequency 1/10 of a cycle low, the auto- 
matic equipment will function to increase the load on that 
station at a rate of approximately 1/3 capacity every three 
minutes. 


Readjusting the Load on the Generators—If at any time 
the operator would like to increase the load on a generator, 
he may do so through the automatic equipment. A thumb- 
screw 86 is arranged on the unit control box to allow 
manual adjustment of the integrated error hand. If this 
hand is moved over to a new position requiring more load, 
the unit control box and the generator function as if this 
increased error were true and had come from the master 
regulator. In a practical set-up there is sufficient continual 
change of load in the system to cause the master regulator 
to be sending out intermittent raise and lower impulses. 
The raise impulses will be passed on only to the control 
motor of the generator whose unit controller error hand has 
been shifted manually. The forced loading of this machine 
will be reflected into the system frequency, causing the other 
machines to drop some load. Finally when this adjustment 
of load has taken place the one machine will have extra.load 
equal to the amount the time error indicator was moved 
manually in the first place (see Fig. 18). 


DISCUSSION OF APPLICATIONS 


One Automatically Controlled Station in an Interconnected 
Area—If the system load suddenly increases by a definite 
amount, then irrespective of where the load was added (this 
neglects line loss) all machines immediately increase their 
outputs by an amount inversely proportional to their me- 
chanical governor regulations and the system will run at a 
correspondingly lower frequency. This drop in frequency 
will be detected by the automatic station and the control 
equipment will increase this station’s output at a certain 
definite rate until the frequency is brought back to normal 
with no manual attention, all other machines on the system 
will be delivering their original output on account of the 
mechanical-governor characteristics and the total load 
change has been absorbed by the automatic station as a 
result of a temporary drop in frequency and at the expense 
of a slight lag in system time. During this cycle of events 
the system was running at a slightly reduced frequency 
for a short interval, resulting in a loss in system time of a 
fraction of a second. This error was recorded in the unit 
control boxes of the generators in the automatic station and 
used as a basis of controlling their load division. This small 
error in time will remain constant so long as the load on 
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the system remains unchanged. It is gained back again 
(Fig. 17) only by unloading this station because of a 
decreased load on the system, causing a slightly high fre- 
quency for an interval long enough for the automatic station 
to drop this increment of load. 


Such an arrangement would without doubt be impractical 
in the average interconnected area since certain of the lines 
would become over-loaded as a result of all changes in load 
finally being taken care of from one point. Partly to over- 
come this difficulty, supplementary control features could 
be added and these will be discussed later. 


One Automatically Controlled Station and Supplementary 
“Total Watt” Control on Other Stations—An analysis will 


Machine No.1 
Machine No.2 
Machine No.3 


\4 Sec. Fast 1% Sec.Slow 


0 
Integrated Time Error 
A- Usual Automatic Division of Load Between Machines 


Machine No.1 
Machine No.2 
Machine No.3 


v7 Sec. Fast yy Sec. Slow 


0 
Integrated Time Error 
B- Automatic Division After Hand Correction 


Time Error - Load Characteristic Curves 





Fig. 18. Curves showing relationship between time error and load. 


show that each non-automatic station finally tends to hold 
constant load on acount of its speed-governor characteristics. 
Hence there is nothing for a total watt-control device to do. 


One Automatically Controlled Station and Supplementary 
“Tie-line”’ Watt Control on Other Stations—It is important 
to make the supplementary control sluggish compared with 
the automatic frequency control in order that it may not 
cause too much disturbance during the readjustment. In 
either of the two previously mentioned cases suppose that a 
tie-line load coming into a certain non-automatic station has 
become excessive after the automatic equipment has func- 
tioned. The tie-line watt-control equipment then will slowly 
cause the non-automatic frequency station to take on load, 
reducing the tie-line load. As this station slowly increases 
its output the change in load will reflect into the system and 
slightly change the frequency. The automatic frequency 
station will then back off the corresponding amount and 
finally the system will be steady, with sufficient extra load 
on the one station to keep the tie-line load within certain 
limits and the additional load change taken by the automatic 
station. 


Several stations in a system could be operated on this 
basis by choosing a sufficiently important tie-line to regulate 
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Fig. 19. Frequency controller wiring. 
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and letting the initial and final adjusting be done on the 


automatic frequency controller station. Such an arrange- 
ment causes an intermittent change in load from one point 
to another in the process of adjusting itself and for this 
reason would seem objectionable as a complete solution to 
controlling the frequency of an interconnected area. 

Several Automatically Controlled Stations in an Intercon- 
nected Area—As usual, all machines and stations will first 
share load fluctuations as dictated by their prime-mover gov- 
ernors and the system will suffer a corresponding frequency 
change. Now each station assigned to automatic frequency 
control will have a master regulator and unit load controllers 
for each generator. Then each automatic station will respond 
to the frequency change and contribute its share to correct 
this frequency by an amount inversely proportional to the 
time-error load characteristic of the equipment in the re- 
spective stations. 

This type of control would be practically ideal if the load 
change were uniformly distributed about the system. How- 
ever if all the load change is to be fed to one point, certain 
tie-lines may become overloaded. 

Such a condition may be relieved somewhat in some in- 
stances by making certain stations more responsive than 
others. For instance if all stations were ordinarily able to 
transfer their total load while the system was changing 1 
second, it might be advantageous to alter the control equip- 
ment in one or two stations to change load in % or 13 second 
time error. This would make these stations more sensitive to 
frequency change just as a narrow governor is more sensitive 
to speed changes, This alteration merely means changing 
gear ratio in the master regulator and unit load controllers 
of the station which is required to do more regulating. 

The question of operating several stations in multiple from 
multiple standards also requires consideration. Let us as- 
sume that one pendulum in the system runs 1 second fast 
per day and that all other pendulums are correct. Then this 
station will tend to absorb load at the rate of “station 
capacity” per day if it is operating on a 1-second time error 
basis of loading. This does not represent a fast transfer of 
load; nor is it the purpose of the automatic frequency con- 
trol equipment to dispense with the load dispatcher. The 
dispatcher therefore watches division of load between stations 
as he always has done and the operators change the setting 
of the unit load controllers accordingly. 


These forced changes of station load will be reflected 
through the system and absorbed automatically by all sta- 
tions in the system assigned to automatic control. The ulti- 
mate success of automatically controlling an interconnected 
area will be approximately proportional to the degree of 
saturation with automatic equipment. 


PRESENT INSTALLATIONS 


Inquiry of installations of automatic control in hydro plants 
have shown that there is only one company in this district 
having automatic equipment in service. The frequency con- 
troller was first tried out in one of that company’s major 
hydro-electric plants in the latter part of December, 1928, 
with no auxiliary relays or protection other than two auxil- 
iary relays operating the speed setting control motors of No. 
4 unit. At that time the controller was mounted at the back 
of the switchboard out of sight of the operator who would 
have to leave his meters and go behind the board to make any 
adjustments to the controller or even to take it out of service 
in an emergency. 

This installation gave trouble in several ways. The relays 
would stick closed and run the speed either up or down and 
would make a very undesirable long whisker on the frequency 
chart before the operator could get the controller out of 
service. Another trouble was experienced in manually super- 
vising the load or balancing the governors of No. 4 unit when 
the controller was in service in that the supervision had to be 
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synchronized with the controller, otherwise a fuse on the 
motor circuit would be blown if the controller attempted to 
“boost” and the operator to “buck” at the same time. The 
last trouble was due to the controller and governors not being 
adjusted for working together, the result of which was a 
continual swinging or hunting of the system speed, although 
the average speed or synchronous clock time was fair. 

Corrective measures were started in January, 1929, by 
moving the frequency controller to the front of the switch- 
board and mounting it beside the graphic frequency recorder, 
as shown by Fig. 22. In such a position it was readily ac- 
cessible for 50-cycle positive or negative adjustment for gain- 
ing or losing time and conveniently near the recorder so that 
notes of changes of adjustment could be observed and written 
on the chart. 

The auxiliary relays were replaced with a more rugged 
type and after the contacts were shunted with condensers no 
further trouble was experienced with contacts or relays 
sticking. 

Four six-blade single-throw knife switches were mounted 
on the back of the frequency controller subpanel and are 
operated from the front of the board by pull rods with knobs. 
When any one knob is pulled out the controller is connected 
directly to the speed control motors of both governors of the 
respective generator. The switches are indicated as “A” on 
the schematic print (Fig. 19) and are on the motor side of 
the knife switches which are used to cut one governor motor 
out when the operator desires to pick up load on one wheel 
only, as when correcting a load unbalance between the two 
turbines of one unit. 

A three-blade single-throw knife switch is mounted in a 
similar manner, being controlled by a rod extending through 
the same subpanel located just above the others. This switch 
marked “B” is the master switch for the controller and opens 
both the a.c. and d.c. feeds. When the controller is to be put 
in service the operator closes this switch first which starts 
the controller and auxiliary relays. If the operation is normal 
he then closes in switch “A” which connects the contacts of 
the “up” and “down” auxiliary MC relays to the unit to be 
controlled. 


With this amount of equipment installed the frequency con- 
troller was used intermittently for about three months. This 
was over the “run-off season” and consequently little regula- 
tion was done at this plant. However, the occasional regula- 
tion up to full load indicated that the controller was an 
“averager” or in other words an automatic correction for the 
necessary drooping characteristic of the governors. It was 
soon apparent that the governors would have to be adjusted 
for the best combination to work with the controller. Such 
an adjustment was difficult. 

In the first place the frequency controller has a time lag 
of about 2 seconds. This time lag often aggravated a speed 
swing by giving a big boosting impulse to the governors 2 
seconds late or after they had almost recovered, which of 
course caused them to overtravel. 


In the second place the impulses to the governors were too 
great if the setting lever cam of the controller was set up so 
that the controller would operate on the slightest deviation 
from 50 cycles and the uncontrolled band was too wide for 
off-peak regulation when the setting lever cam bar was 
dropped down so that the frequency would have to deviate, 
say one-tenth cycle from 50 cycles, before the controller oper- 
ated. (The wandering effect caused by the controller being ad- 
justed to start to operate on a one-twentieth of a cycle devia- 
tion is illustrated for an off-peak regulation in Fig. 20A. Such 
an adjustment causes the speed to hang high or low ac- 
cording to whether the load is coming on or being dropped 
and at such times a second or two can be gained or lost in 
15 minutes.) 

In the third place, the speed swings over a peak load are 
so very much greater than for off peak that some means must 
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be provided for giving the governors greater impulses during 
the peaks. It is true that the controller gave gradient im- 
pulses, but the gradient would not fit. In other words the 
motor speeds and gear ratios of the governors were all dif- 
ferent, which necessitated some sort of adjustable compen- 
sation between them and the still different controller. 


It was decided right off that at that time it would be im- 
practical to try to have the controller operate on more than 
one unit at any one time and since there were three 17,500- 
kva. generators and one 28,000-kva. unit, the controller would 
be adjusted to control the 28,000-kva. unit (No. 4). Accord- 
ingly the drooping characteristic of the No. 4 unit was set 
very high which caused the governors to act as if they were 
on block control, but this was necessary to prevent the unit 
and controller from hunting because the slightest impulse 
from the controller was still too coarse for the governors and 
it was desired to keep the wandering band as narrow as pos- 
sible. The drooping characteristics of the other three units 
were then set as low as possible, but long before the point 
was reached where there was an interchanging of load be- 
tween governors as a result of zero droop, a point was 
reached where any further flattening of the droop curve in- 
creased the average speed swings. (Just why this occurred 
was not understood for a time but was later found to be due 
to the compensating dashpots which were worn and by-passed 
oil too frequently, which allowed the governors to pick up 
load too fast and consequently were not dead beat.) How- 
ever, the governors were left at this best setting for the time 
and for the next three months the controller and governors 
regulated with fair results while relay protection and other 
refinements were introduced into the circuits. 

The first protection relays installed were for taking the 
controller out of service in case a relay stuck closed or the 
controller itself stopped in such a position as to run the 
governor motors continuously. As it was thougit undesirable 
to consider any device which would operate to take the con- 
troller out of service when an abnormal speed swing occurred, 
because such swings occur more often than relays stick, two 
time relays set to operate at 3 seconds were used. (The 
maximum controller impulse is less than 2 seconds.) The 
relays were operated by potential, one from the “up” contacts 
and one from the “down” contacts of the auxiliary MC 
relays and were connected to open the master feed to the 
controller if either MC relay should stay closed for more 
than 3 seconds. In other words if the control stuck and put 
“boost” to the governors for more than 3 seconds the con- 
troller was taken out of service. 


This protection will be changed in the near future by hav- 
ing each time delay relay open the coil circuit of its respec- 
tive MC relay. This operation will be better for the reason 
that if the control stuck and put “boost” to the governors for 
more than 3 seconds the “up” circuit would be opened but 
the “down” circuit would still operate to correct the speed 
arror. The old scheme, however, has worked successfully the 
few times it has been needed. 


The second protection relay installed was for automatically 
opening the d.c. feed to the controller if any manually oper- 
ated governor control switch were moved from neutral posi- 
tion. This protection insures full manual supervision without 
the possibility of blowing fuses on the governor motor cir- 
cuits. One set of extra contacts was mounted on each of the 
governor motor manual control switches and these contacts 
were connected in series with an a.c. relay in such manner 
that a closed circuit existed through the contacts and relay 
to an a.c. supply as long as the manual controls were in 
neutral. The instant the manual controls were moved the 
relay would drop open, the contacts of which would open the 
positive leg of the d.c. feed to the controller. This scheme 
has worked successfully for several months with no blown 
fuses. The contacts of all protective relays are paralleled by 
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knife switches which can be closed in event of relay trouble 
or when servicing the contacts. 

During the latter part of October and the first of No- 
vember, load conditions became such that the system swings 
were more severe than before. The plant did not show up 
very well in handling the swings so a study was made for 
improving the operation of the governors. The conclusion 
was reached and was confirmed by experiment that the ideal 
adjustment of the governors and frequency controller was as 
follows: 


The governors must be in as good mechanical condition as 
possible. 


Particularly must the fiy-ball links and all connec- 


a 
Be Ad 


Fig. 20. (Left) Speed curve with cam bar lowered to prevent over- 

regulation. Anti-hunting device out of service. (Right) Speed 

curve with cam bar raised to allow controller to go into action on 

very slight deviation from normal speed and anti-hunting device in 

service to cut out controller as soon as speed starts to return 
to normal. 





tions to the relay valves be free of loose motion, otherwise 
the governors will not respond to slight speed changes, the 
result of which is a “dead band” on the chart inside of which 
there is no governor action. The effect is similar to that ex- 
perienced when the relay valves have too much lap for the 
sensitivity of the fly-ball. 

The compensating dashpot mechanism must be in perfec 
mechanical adjustment to make the governors dead beat. The 
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cil used in the dashpots should have a constant viscosity over 
the normal change in room temperature. This is very im- 
portant. The adjustment or timing of the dashpots is not so 
easy and must be largely a cut and try method starting from 
the average adjustment recommended by the governor man- 
ufacturers. 


Also, system flywheel effect due to the intertia of the rotat- 
ing apparatus shows up as a lagging of the system speed to 
the corrective action of the governor and is troublesome for 
two reasons: First, it is a varying factor due to there being 
more or less rotative apparatus connected to the system ac- 
cording to the load, thereby making it necessary to adjust 
the governors for an average load condition. Second, the 





Fig.21. Frequency controller and recorder as now installed, Big 
Creek No. 1 hydro plant, Southern California Edison Company. 


effect of system rotating inertia on the governors is that the 
system, possessing a tremendous momentum, can give up a 
considerable amount of energy by slowing down a slight 
amount, which occurs before governor fly-balls detect the 
change in speed. Then after the governor has initiated an 
increased gate opening, it is necessary not only to pick up 
the increased load but to supply additional energy to the sys- 
tem in order to accelerate it to normal speed. The time or 
rate of acceleration depends on the inertia of the system and 
the additional power or accelerating force applied. It is im- 
portant that the accelerating force be reduced to zero by the 
time the speed is back to normal frequency, otherwise an 
overtravel and resulant hunting of speed will occur. The 
governor manufacturers have installed on other governors 
two factors to prevent such hunting. One gives the governor 
its “drooping speed characteristic” by limiting the amount 
of load the governor will pick up per unit drop in speed and 
is accomplished by having a change in gate opening through 
a mechanical linkage neutralize the fly-ball action by restor- 
ing the relay valve to neutral position. This action of the 
restoring mechanism will taper off any movement of the 
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gates to a gradual stop and will also prevent the governor 
from going “wide open” or “full closed” for a tiny change 
in speed, which it would do if this compensation were not 
provided. The other factor is a compensating dashpot ar- 
rangement which times the governor action and limits the 
rate of picking up or dropping off of load and is accomplished 
by having a change in gate opening, through a mechanical 
linkage and dashpot, tend to return the relay valve to neutral 
position so that the speed of gate opening is limited by the 
dashpot setting. Of course the above two compensations 
operate together to give a rather complex action, the result 
cf which is that, when a change in speed occurs, the gov- 
ernors start opening the gates at a rate depending both on 
the dash pot setting and the drop in speed. As soon as the 
drop in speed is arrested the gates stop opening, then, as the 
system speed accelerates to normal, the gates are gradually 
closed at a tapering off rate, finally coming to rest just as 
the system speed is normal. This ideal action of the gov- 
ernors is becoming more difficult to reach, not because the 
governors are not in as good mechanical condition as before, 
but because demands are being made which are nearing their 
limit of sensitivity. When it is considered that an attempt 
is being made to confine the normal operating band to about 
one-quarter cycle, which is maintaining the speed within one- 
half of one per cent and that the average governor head 
moves only 0.015 to 0.035 in. for such a band, it is readily 
seen that the mechanical adjustment is becoming more diffi- 
cult. It has been found necessary to set the drooping char- 
acteristic very flat on the governors in order to give them 
increased capacity for picking up load with slight speed 
change; then to limit the rate of governor action by increased 
dashpot action to prevent overtravel. (This setting has no 
effect on governor action during system disturbances as by- 
pass valves under spring tension automatically open under 
extreme flyball action.) This setting is not quite ideal, but 
when adjusted for the average load it is the best yet secured. 
For light loads one or more units are put “on bottom” to 
prevent overtraveling due to the regulating capacity being 
too great. 

With all the governors adjusted as outlined above, the 
controller was set to operate on only one unit (two gov- 
ernors) at a time. The controller was adjusted to start 
giving impulses the instant the frequency deviated from 
normal. A variable rheostat was then put in the common 
lead to the governor motors under control. This provided 
the adjustable compensation between the controller and gov- 
ernors to make them operate successfully together. It also 
makes a convenient adjustment for securing the proper im- 
pulse for different load conditions. For instance, during 
peak loads the swings are considerable and consequently the 
controller should have more effect on the governor than dur- 
ing the off peak where the same impulse given for the same 
speed change would cause an overtravel and consequent 
hunting. 


It was soon apparent, however, that the rheostat was not 
sufficient adjustment to make the controller and governor 
operate successfully together. In the first place, the con- 
troller continually gave impulses from the time the fre- 
quency deviated from normal until it returned. This meant 
that the governors would receive impulses until they arrested 
the swing, after which they should be left alone in order that 
they might cut down the gate openings as the system speed 
accelerated to normal to prevent overtraveling, but instead 
the controller continued to give impulses until the frequency 
passed through normal, which caused the governor speed 
setting to be too high, so of course the speed overtraveled 
and the process had to be repeated in the opposite direction. 
This set up a hunting of load condition between the unit 
being controlled and the free units. By cutting in enough 
resistance in the motor circuit, this could be stopped, but the 
effectiveness of the controller for the picking up of load was 
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ulso impaired. It looked as if the gradient impulses of the 
controller were not spread over a sufficiently wide band. 
The controller was again adjusted, this time to start giving 
impulses when the speed deviated a little over one-twentieth 
cycle from normal. This adjustment did fairly well for 
peak loads, but for off peak it allowed the speed to drift 
high or low within that one-tenth cycle band according to 
whether load was being picked up or dropped off. An ex- 
ample of this drifting is shown in Fig. 20A. This was bad 
for telechron time. ‘ 

Accordingly an anti-hunting device, as shown on Fig. 21, 
was designed and incorporated in the controller circuit. The 
device depends on a frequency recorder for its operation and 
consists of a friction clutch carrying two constants mounted 
on the slide wire shaft of the recorder. One contact will close 
and hold against a stationary contact when the drum moves 
in one direction and against the other stationary contact when 
the drum moves in the opposite direction. These contacts con- 
trol two respective relays which are in the coil circuits of the 
MC “up” and “down” relays. The operation is as follows: As 
long as the frequency recorder pen is moving to the right 
(speed high) the “down” contact is closed and the down 
relay can be operated by the controller at any time, but the 
instant the pen reverses and starts to the left the “down” 
relay is cut out and the “up” cut in ready to operate. It is 
thus seen that the controller will “buck” only as long as the 
speed continues to move high but as soon as the speed starts 
to recover the controller cuts out and lets the governors, 
which are equippéd with dead beat dashpots, finish the 
recovery without overtraveling. With the anti-hunting de- 
vice in service, the controller can be set to start giving im- 
pulses upon the slightest deviation from normal speed. The 
rheostat is used for varying the impulses to suit the load 
conditions and the type of governor being controlled. The 
result of all of this is the good average time chart shown 
for off-peak regulation in Fig. 20B. Fig. 20A and Fig. 20B 
were taken on identical load conditions one day apart and 
over the same time. 

The general plant regulation is as follows: The automatic 
controller is set to operate on No. 4 unit. Then as many 
other units are set free as load conditions warrant. As load 
comes on, all the free units and the No. 4 unit pick up load 
by normal governor action. If the load stays on, the con- 
troller will keep on notching the speed setting of No. 4 unit 
up, thus neutralizing the drooping characteristic of the gov- 
ernors and causing it gradually to take over the load which 
had been picked up by the other units. The free units due 
to the restoring mechanisms have to return to their original 
load settings when the speed is restored to normal by the 
controller, so that when it is all over the No. 4 unit has taken 
all the increased load and all the units are at their normal 
setting for another speed swing. When the load on No. 4 
unit is too great or too small for efficient operation, the oper- 
ator redistributes the load manually between the units. The 
converse holds for the dropping of load. 

With the present set-up the average time maintained by 
the controller is good. In addition an arrangement for auto- 
matically maintaining constant time is being perfected, the 
rate of gaining or losing of system time being proportional 
to the deviation from true time and thus zero when correct. 


DISCUSSION 


The present methods of automatic frequency control appli- 
cation are in the course of evolution. This is shown when the 
sutomatic control is connected on the synchronizing motors 
of the governors. This happens to be the easiest place te 
connect such a device on present units where the governors 
are installed and in operation. It can be readily seen that, 
with this connection, the action is to have the automatic 
device tell the synchronizing motor to pick up load, which in 
turn transmits the message to the pilot valve. Since the oil 
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pressure actuator system is the most reliable and simple 
speed reduction system, the operation of the pilot valve may 
be termed the action of the operation of the gate or needle 
opening. Therefore, in due course of events it will be entirely 
possible that the automatic frequency controller will act di- 
rectly on the gate opening through the pilot valve. The appli- 
cation would be very simple in that the pilot valve would have 
& normal position with electromagnetic control for function- 
ing in either direction. At this step of the evolution, it will be 
necessary to depend upon the governor fly balls to take care 
of large swings of load. In Western practice these large 
swings in load generally occur when heavily loaded circuits 





Fig. 22. Frequency controller and recorder as now installed, Big 
Creek No. 1 hydro plant, Southern California Edison Company. 


are dropped or when a loaded machine is dropped off the 
system either by accident or trouble. The only reason why 
the fly ball action is necessary is the fact that present auto- 
matic frequency control systems operate with periodic im- 
pulses. This is purposely done so as not to cause hunting. 
However, should a large change in load occur, it becomes 
necessary to have a continuous jmpulse to correct the speed 
error. This may be done under the above circumstances by 
having the present governor fly balls take care of large 
swings. On the other hand, a second contact on the automatic 
frequency controller, established so as to occur when the fre- 
quency was in error to a large amount, would give the neces- 
sary continuous impulse to the pilot valve. 

It can now be seen that with this last improvement there is 
no further need for the fly ball arrangement on the mechan- 
ical governor. There is a good deal of objection to this elec- 
tric control because the wire might become open circuited 
cr the supply might fail. Of course this is true; however, 
this would only become serious at the time this machine was 
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accidentally disconnected from the system. 
possibility of these two conditions happening simultaneously 


Therefore the 


is very remote. On the other hand we are all too prone to 
judge or to compare a new idea with the perfect or ideal, 
whereas, should we make the same comparison with present 
methods, we would find them lacking. That is, there are 
many points of the present mechanical governor that we may 
have trouble with—indeed, trouble is expected sooner or 
later. 

Since the electric circuits have proved reliable and also 
since the electric circuits can be designed so as to give a 
continuous check upon the possibility of functioning properly 
when called upon, it appears that an electric system of 
frequency control will fulfill all the demands required. 


The above methods of frequency control seem to have suffi- 
cient accuracy for the present demands on the Pacific Coast. 


However it might be interesting to bring out some suggested ° 


schemes that may be improvements, should they be properly 
worked out. An increase in load of a system causes the 
system to slow down, thus using some stored energy. This 
speed reduction is necessary for the automatic control devices 
te function. However, the additional load on the system 
causes an additional output momentarily, this being supplied 
by the stored energy. This will give an indication on a very 
sensitive wattmeter before the speed is reduced. Should the 
wattmeter sensitiveness to be sufficient to respond to this mo- 
mentary increase in load, a contacting means similar to that 
of the Kelvin balance type wattmeter could be used to give the 
pilot valve an impulse proportional to the power change. In 
this case the correcting impulse would be given before the 
speed actually changed. This impulse would be arranged so 
as to be anti-hunt, thus not being a continuous impulse. How- 
ever, another pair of contacts could be arranged so that, 
should a large change of power occur, a continuous impulse 
would be given. This would be of great advantage should 
the machine drop its load, in giving a continuous impulse so 
as to shut off the water. 

There has been very little discussion regarding the opera- 
tion of automatic frequency control devices under conditions 
of system instability. A successful automatic frequency 
control should operate properly even when, and perhaps 
especially when, the system is out of step. 

Tests were made on frequency recorders and meters when 
the resultant of two frequencies was applied. The conclusions 
drawn from these tests were that the vibrating reed meter 
read both frequencies correctly, the normal single-indication 
recording and indicating meters gave an indication of the 
approximate average and the synchronous timer gave an in- 
dication considerably below the lower frequency. The actual 
readings varied from average frequency by an amount pro- 
portional to the two voltages. That is, if the voltages of the 
two frequencies were equal, the frequency indicated would be 
almost exactly the average, while with approximate zero 
voltage on one frequency the meter would read approximately 
the other frequency. Therefore, it can readily be seen that 
the importance of studying the condition of instability when 
applying automatic frequency control is very great. 

With the present method of application of automatic fre- 
quency control it is possible’with a case of instability to have 
the control of frequency an attempt to lift a high frequency 
higher. That is, should the normal frequency be 50, the fre- 
quency of the generators be 52, and the frequency of the 
load be 45, the controllers may read 49.5 and thus try to open 
the gates further. This is only a tendency under the present 
method of installation, because, should the speed rise to a 
value above normal, the governors would take the situation 
over and control the gate opening accordingly. This discus- 
sion, however, brings out the point that automatic frequency 
control does no good and perhaps has a harmful effect during 
the condition of instability. 

This perhaps brings up another step in the evolution of au- 
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tomatic frequency control. Should the automatic frequency 
control apparatus obtain its energy from a small pilot gen- 
erator on the shaft of the main generator, this difficulty 
would be overcome. This pilot generator should have the 
same number of poles so as to give the same frequency. With 
no connection to this pilot generator besides the frequency 
controller and recorder, there would be a very small amount 
of disturbance and the effect of surges, etc., would not come 
to these instruments at all. With this method only the actual 
speed of the machine would be transmitted to the controller 
without outside disturbances, so that a correct performance 
in correcting speed changes may be expected. 

The present mechanical governors do the wrong thing at 
the time of system disturbances. The best method of con- 
trolling the speed of machines at this time would be to have 
an electromagnet operating on the pilot valves in such a way 
as to close the gates during the time of disturbances. This 
magnet could be operated by a negative sequency relay, a 
zero sequency relay or an underwatt relay. Under normal 
operating conditions there are no zero or negative sequence 
currents flowing; therefore relays of this nature could be set 
very sensitive. An underwatt relay could also be set so as to 
operate in a very fast manner. These relays should be so 
arranged that they would function only when the disturbance 
on the system was being automatically reset. With this ar- 
rangement, should a minor disturbance occur, the relays 
would be set so as not to function, but should a medium dis- 
turbance occur of sufficient magnitude to make it necessary 
to operate these relays, although the relays do operate mom- 
entarily, no harm is done, as the system will have only a 
slight speed drop for the moment. However, should a major 
disturbance occur that caused an increase in output, such as 
a single phase to ground resistance short circuit, it is very 
important to cut down the gate opening, thus preventing the 
system from pulling out of step. Instability is caused by the 
prime mover torque. The torque is greater at lower speeds 
and is less at less gate opening. Therefore the greatest 
benefit at the time of disturbances of this sort would be de- 
rived from closing the gates down to a point where the torque 
will not pull out. 

All this discussion leads up to what may be called the ideal 
automatic frequency control system. Combining all these 
requirements into one system would be relatively easy under 
the last scheme. With a small pilot generator supplying the 
frequency impulse only to the frequency controller, the fre- 
quency controller then operates on an electric pilot valve. 
Then with the wattmeter method of giving impulses instan- 
taneously on small changes of load, with its second contact 
that gives a continuous impulse on dropping of the load from 
a unit, the machine would close its gates immediately. There 
will also be a second contact on the frequency controller so 
as to give a continuous impulse on swings over a certain 
amount. The arrangement could be so interlocked as to avoid 
hunting and still maintain constant speed. Then again the 
closing magnet on the pilot valve could be used in connection 
with the zero and negative sequency relays. Also for dif- 
ferential protection of the generator this same magnet may 
be used in shutting down the unit. 

This report was written with the help and advice, which 
the author appreciates, of the following: F. R. Benson, N. 
Cohn, R. C. Denny, L. E. Emerich, W. F. Grimes, O. A. Gus- 
tafson, S. Logan Kerr, F. I. Lawson, I. C. Martin, D. J. 
McCormach, F. Nagler, Ray S. Quick, C. P. Vetter and G. R. 
Woodman. 
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nected Operation,” by G. M, Keeman and E. W. Middleton, Electri- 
cal World; “Changing Requirements in Hydraulic Turbine Speed 
Regulation,” by Forest Nagler, A.S.M.E.; “1929 Annual Fall Meet- 
ing Report’—Great Lakes Division, N.E.L.A.; “Symposium of Fre- 
guency Control’—Empire State Gas and Electrical Association. 
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Current Practice and Research in 
Hydro Development* 


This subcommittee was instituted for the first time 
this year with three purposes in view: First, to provide 
material for active committee discussion at the meetings 


of the Engineering Section. Second, to provide an 
agency through which new developments relating to the 
subjects covered by previous committee reports may be 
brought to the attention of the members of the Asso- 
ciation. Third, to bring up for discussion new subjects 
and new lines of work which may develop into subjects 
of sufficient scope to be handled by a separate subcom- 
mittee. In addition to a number of minor subjects that 
were discussed informally at committee meetings, sev- 
eral papers were presented on subjects relating to the 
work of the hydraulic power committee. The full text 
of these papers is. not included in this report as most 
of them are to be published alsewhere and will thus be- 
come available. 


BRIEF summary of the papers presented before this 
subcommittee during the year follows: 


TEST OF A 24-IN. DIAMETER BUTTERFLY VALVE UNDER 
Free DISCHARGE 


This subject was presented by Clinton deWitt of the Pacific 
Gas and Electric Company. The purpose of the test was to 
investigate the discharge coefficient and the power necessary 
to operate a butterfly valve under conditions of free discharge 
and also to note its behavior as regards vibration. The 
test valve was installed at the end of 160 ft. of 30-in. pipe 
leading from a reservoir. The static head was 233 ft. A 
discharge measurement for maximum opening gave a dis- 
charge coefficient of 0.87, based on the net area of valve 
opening. The torque required to move the valve in either 
the opening or closing direction was measured at various 
positions from wide open to closed. The result indicates that 
considerably less power is required than was indicated from 
information previously available. A complete account of the 
test and its results is expected to be published shortly in 
Engineering News Record. 


RIVETED TYPE JOINT EFFICIENCY 


This subject has been worked up by Walter Dreyer of the 
Pacific Gas and Electric Company as part of a revision of 
the reports of the national hydraulic power committee on 
penstocks, published in 1923. It will be published as a serial 
report of the Engineering Section of the National Electric 
Light Association. New types of high efficiency butt strap 
riveted joints have been worked out with efficiencies 2 to 5 
per cent higher than the joint tabulated as N.E.L.A. standard 
in the 1923 penstock report. The paper gives in full detail 
the assumptions made in the design and the details and 
weight of the joints. 


LONGITUDINAL REINFORCING FOR REINFORCED CONCRETE 
HYDRAULIC STRUCTURES 


In the work of enlarging their Drum canal during 1927-28, 
the Pacific Gas and Electric Company replaced the Tahoe 
siphon of this canal with a reinforced concrete bench flume 
section 1,600 ft. in length, having inside dimensions of 10-ft. 
width by 7-ft. center depth. The side walls have a 5-in. top 
width and 7-in. bottom. The Drum canal is at an altitude 
of about 4,800 ft. 





* Report of subcommittee on current practice and research in 
hydro development, hydraulic power committee, Engineering Sec- 
tion. Prepared by R. M. Peabody, Southern California Edison 
Company. 
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When constructed, this length of conduit was divided into 
four sections, each having a different degree of longitudinal 
reinforcement in the side walls. The first section has 0.27 
per cent, the second 0.31 per cent and the third 0.47 per cent 
and the fourth 0.65 per cent. No expansion joints were pro- 
vided. Before water was turned in, the shrinkage cracks 
were marked and stationed. During the first part of Sep- 
tember, 1928, the section was inspected while carrying 500 
sec.-ft. of water and the comparative size of cracks and 
amount of leakage noted. 

At the time, the section having 0.25 per cent longitudinal 
wall reinforcement showed cracks which allowed leaks that 
permitted water to drip from a shoulder left by the outside 
forms at the bottom of the wall. These main cracks that 
showed a leak as described above or sufficient to wet the wall 
down to the bottom, were spaced in general from 15 to 25 fi. 
apart. In the section having 0.31 per cent reinforcement, the 
main wall cracks were spaced in general from 15 to 35 ft. 
apart, the leaks were smaller and in many cases the wall was 
only damp to the bottom. In the section having 0.47 per cent 
wall reinforcement the main cracks averaged about 25 ft. 
apart and the wall in the majority of cases was only wet 
or damp. In the section having 0.65 per cent wall rein- 
forcement the cracks were very small and the wall was 
damp in very few places. 

Since the amount of water dropped off to a small flow 
before the advent of cold weather, no observation has been 
obtained under winter conditions. 

On May 22, 1929, an observation was made with over 500 
sec.-ft. in the canal. The water temperature was 41 deg. F. 

It was observed that in the section having 0.27 per cent 
longitudinal reinforcement, the leaks in general had increased 
and one in particular, which appeared to be at the end of a 
day’s pour, had reached the proportions of approximately 
1% g.p.m. Several leaks showed efflorescence and in one case 
disintegration, which was probably due to ice and frost 
action of winter. 

An increase in leaks and damp spots was also observed in 
the section having 0.31 per cent reinforcement, although to a 
lesser degree. In both of the above sections the amount of 
leakage was considered undesirable for such structures as 
reinforced concrete flumes and bench flumes when severe 
winters prevail. The leakage in the first section could en- 
danger certain types of soil foundations, where bench flumes 
are concerned. 

The last two sections, having 0.47 per cent and 0.65 per 
cent reinforcement, showed satisfactory conditions, outside of 
an increase in number of sweat spots. The last section has 
few surface cracks for this type of construction. It is con- 
cluded that 0.27 per cent and 0.31 per cent longitudinal rein- 
forcing is not sufficient for structures such as the above, when 
expansion joints are not used. Reinforcing of 0.5 per cent to 
7 per cent without expansion joints is considered to give sat- 
isfactory results. Each problem will have its own economic 
solution, but for the heavier walls the lighter reinforcement 
(as 0.25 per cent) with water-tight expansion joints will 
probably be the most economic as well as the most satisfac- 
tory solution from the design standpoint. 


PRESSURE RISE IN PENSTOCK DUE TO EMERGENCY CLOSING OF 
PENSTOCK VALVE 


This was presented by R. M. Peabody of the Southern Cali- 
fornia Edison Company. The paper points out that pressure 
rises of considerable magnitude may result from closing pen- 
siock valves even at rather slow rate and under. normal 
velocity and that the amount of pressure rise varies widely 
with the type of valve. Formulas are developed for the 
variation in flow during closure and for the application of 
the Allievi analysis to such conditions. Typical curves and 
diagrams illustrate the effect of various types of valves on 
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the pressure rise. The national hydraulic power committee 
has this paper under consideration for publication. 


STUDY OF FLOW IN THE MOUNTAIN TUNNEL, 
HETCH HETCHY AQUEDUCT 


This paper was presented by L. W. Stocker, assistant city 
engineer of San Francisco. 

This study concerns changes in the flow capacity of the 
Hetch Hetchy aqueduct tunnel through which water diverted 
from the Tuolumne River at Early intake is conducted to the 
Priest reservoir, which serves as forebay for the Moccasin 
power plant. 

The tunnel has been in service four years, giving an aver- 
age flow of about 725 sec.-ft. Considering the initial condi- 
tion (August, 1925,) as 100 per cent, the flow capacity for a 
given fall of the hydraulic gradient is now 7.6 per cent less, 
and the fall required for a given quantity of water flowing 
is now 15 per cent greater. 

The tunnel was inspected from end to end in December, 
1928. The invert of the concrete-lined portions (59 per cent 
of the total length) was found much roughened by erosion, 
due to the sand and gravel carried through by the water. 
The mortar has been cut away more rapidly than the crushed 
rock fragments, leaving the latter projecting an average of 
about % in. The other physical changes being insignificant, 
practically the entire increase in resistance to flow is ascribed 
to the invert roughening. 

The decrease in capacity appears to have progressed at 
varying rates until about May, 1928, since which time no 
further change is noted. 

No method of restoring the lost capacity has as yet been 
determined on. 

Values of coefficiencies in various hydraulic formulae are 
noted in the text and shown by curves accompanying. 

Mr. Stockers’ paper will be published in full by the Ameri- 
can Society of Civil Engineers. 


Flow Line Conduits* 


The work of the subcommittee on flow line conduits 
was confined to the design and construction of flow tun- 
nels, flow pipes and auxiliary structures. Last year’s 
report covered open canals and bench flumes. Duplica- 
tion of data already published was avoided as much as 
possible. Pressure tunnels and transitions in flow lines 
have been thoroughly covered in past reports. An at- 
tempt has been made to limit this report to late installa- 
tions, embodying new features of design, rather than 
submit general information or data on lines that have 
been in service for many years. 


FLow TUNNELS 
Flow Formulas and Coefficients— 


UTTER’S formula is satisfactory for the design of flow 
tunnels. 
Following are some values of the “n” in Kutter’s formula 
which have been used in the design of flow tunnels having 
unlined or lined sections with the designated type of lining: 


Tupe of Lining “a? 

Unlined .-9.033 to 0.035 

Concrets ..0.014 to 0.016 

Granite ; : 0.015 

Timber 0.012 or 0.013 
* Report of subcommittee on flow line conduits, hydraulic power 
committee, Engineering Section. J. W. Jourdan, chairman. C. R. 
Carlson, J. F,. Davenport, J. R. Johnson, E. N, Murphy, C. M. 
Mardel, R. R. Robertson. 
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In the past, for weil trimmed unlined sections a value of 
n=—0.030 has been used, but the larger value of 0.035 is 
recommended. 


Shape of Section— 


The section for flow tunnels is partly determined by the 
material through which the tunnel is driven. For unlined 
tunnels, the section most generally used is approximately 
rectangular. The required size is, of course, generally deter- 
mined by hydraulic requirements, but the actual shape is 
influenced by the kind of driving equipment and method of 
construction to be used. 

For concrete lined tunnels, the section is generally a horse- 
shoe shape. In heavy ground this shape gives the required 
strength in the arch, at the same time giving the necessary 
clearance for driving. This shape also presents advantages 
in the placing of concrete. In the case where the formation 
requires lining, in the larger sized tunnels, this section con- 
forms to the more or less standard type of timbering. 

Slope of Invert or Bottom— . 

Slope of invert of tunnel is determined by an economic 
study of cost of tunnel construction and value of head at 
power house, the total capacity having been determined. 

In determining slopes and grade elevations of the bottom 
of a tunnel which is to have both lined and unlined sec- 
tions in its length, care should be taken to see that the 
change from one section to the other can be readily made. 
It cannot be determined beforehand what percentage of a 
tunnel’s length will be lined. This requires the careful con- 
sideration of the hydraulics and the computation of the ele- 
vation of the water surface for all conditions that may 
be met. 


Number and Location of Adits— 


Adits are used when economically available, but no gen- 
eral rule can be given for number and location. 

The number of adits depends upon the time allowed to 
complete the tunnel and also the cost of hauling tunnel 
muck. The location of adits depends upon topography 
through which the tunnel passes and adits are usually placed 
on tunnel grade, with the adit portals at the shortest possi- 
ble distance from the tunnel. 


Horizontal and Vertical Cover— 


Horizontal cover and vertical cover are relatively unim- 
portant when compared to their usage in conjunction with 
pressure tunnels. In flow tunnels the vertical cover should 
have no effect on design, provided there is no pressure on 
the crown. Horizontal cover should be sufficient to take the 
hydrostatic force exerted on the side walls of the tunnel. 


Grouting and Guniting to Prevent Leakage— 


Grouting may be use effectively to prevent or stop leakage. 
Pressures up to 100 lb. per sq.in. have been used to force 
the grout into the voids between the rock and form con- 
crete. Leakage in tunnels is not of great importance if 
they are part of a system composed largely of unlined 
ditches. The low pressures found in flow tunnels may not 
warrant expensive means of preventing leakage. Gunite has 
been extensively employed to patch up weak spots and occa- 
sional seams in the sides of section. 


Necessity for Lining— 


Necessity for lining a flow tunnel depends upon the con- 
dition of rock encountered. A tunnel should be lined if not 
in sound rock. If in sound rock the question of lining 
depends upon economic conditions. A lined tunnel has advan- 
tages over an unlined, as unnoticed rock seams will be filled 
and rendered waterproof. lining will also increase the struc- 
tural strength of the section and make it liable to “cave in.” 
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Timber Linings— 


Timber linings may be employed as a matter of protection 
of rock section or to improve the hydraulic properties of 
the tunnel. Trouble with water getting behind the timbers 
is a serious objection against timber linings. 


Plain Concrete to Prevent Leakage— 


Plain concrete to prevent leakage has been found satis- 
factory for flow tunnels. The concrete must be sound and 
dense, however, as it has been found that soft, porous con- 
crete develops pin hole leaks very quickly. 

Partial lining for bottom and sides is sometimes employed 
in the case of flow tunnels where it has been decided to 
have a concreted section and where the hydraulic gradient 
is always below the springing line of the arch. Concrete 
lining for the crown would only be necessary where the rock 
is disintegrated and unstable, and the roof timbers removed 
cr concreted in place. 

The theory has been advanced of omitting the bottom 
lining, as the bottom erodes badly in many cases. By omit- 
ting the bottom lining and designing a correspondingly 
larger section, a saving may be effected. 

teinforced concrete lining for flow tunnels would only 
be employed to take care of external or collapsing pressure, 
either due to water or the rock formation itself. 


Construction methods— 


The construction method to be used is worked out for 
each particular job. The shape of section required for a 
particular tunnel may be altered to accommodate a certain 
type of driving equipment as well as from consideration 
of the necessity of permanent lining. In the case of many 
smaller tunnels, the available head is such that the mini- 
mum size of section is that which is required in order to 
obtain driving room. 


The following construction methods were used on a long 
flow tunnel: 


The tunnel has a nominal section, horseshoe in shape, with a 
flat floor 11 ft. 4 in. in width. The radius of the tunnel is 7 ft. 
6 in. with its center located 6 ft. 2 in. from the bottom on the 
vertical centerline. Total length of tunnel is 22,676 ft. Four 
headings were driven simultaneously, two headings being driven 
from an intermediate camp located approximately half way between 
inlet and outlet portals. The full face heading system was used, 
87 holes approximately 9 ft. long, being drilled by means of a 
“jumbo” on which were mounted ten pneumatic drills. Holes were 
blasted, using instantaneous and delay fuses, first removing the 
center plug and then the surrounding material, using the “‘cur- 
tain’’ method of timing shots in order to prevent any material 
save the center plug from traveling town the tunnel. Mucking 
was done by means of a Conway electric endless belt machine with 
power scoop. The machine handled about 15 yd. per hr. Progress 
at tunnel headings averaged 15 ft per day, through solid granite. 

In removing muck the material would fall from the belt into a 
314-yd. dump car. It would be hauled away in a four-car train 
by a ten-ton electric locomotive, on 36-in. gage track, the tunnel 
heing double tracked up to the heading, with empties on one track 
and loaded cars on the other. 

Transportation facilities for construction were provided by build- 
ing 4.4 miles of road to the exit portal, 11.4 miles of road to the 
intermediate adit, and an incline railway 2,700 ft. long which was 
used in erecting the steel siphon to the entrance portal, 

A unique feature of this tunnel is the manner in which the flow 
of a creek, crossing the tunnel 1585 ft. above the invert, is diverted. 
Considerable thought was spent on the scheme in order that the 
air compressed by the falling water be permitted to escape, and 
thus have no effect on the carrying capacity of the tunnel. The 
floor of the entrance chamber has never been examined to see if 
the impact from the falling water has formed potholes in the rock. 


Flow Line Pipes and Siphons— 


Williams and Hazen’s and Kutter’s formulas are used to 
compute the flow through steel flow pipes, with the former 
being favored for diameters under 2 or 3 ft. For the larger 
sized riveted steel pipe, up to 102 in. in diameter, Kutter’s 
formula is very satisfactory. 
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The following coefficients have been used for the indicated 
type of pipe as shown below. These values are expected to 
obtain over a period of years. 


Type Kutter’s “n” W&H “C” 

Small diam, butt-strap or slip 

SUNY RU iia enead pitinpsainndaccakivns 0.014 90-190 
Large diam. riveted 

up to 5/16 in. plate lap..... palais eicalcitgiatalnegiatit 0.014 

up to 7/16 in. plate butt-strap-...................... 0.014 
ig in. to 9/16 in, plate butt-strap.................... 0.015 
0/8 in. to * in. + plate butt-strap.................... 0.016 

Kutter’s “‘n’” = 0.012 is used for welded steel pipe. 


Velocity and slope of invert in a flow line depend to a 
creat extent upon the topography through which the line 
passes. The slope of the invert is usually such that it will 
take care of entrance losses plus friction losses in the line 
itself. : 

Compensation of grade for bends is often neglected where 
bends are limited to a minimum radius equal to 2% times 
the diameter of the pipe. This results in a negligible loss 
through bends. A generous value for “n” is sometime em- 
vloyed to allow for bends. 

The economical diameter of a flow line depends upon the 
value of friction head. Flow lines are practically all of 
constant diameter and plate thickness. Thus the proper 
diameter and plate thickness can be determined with relative 
ease as compared with similar determinations for penstocks. 
The minimum thickness of plate seems to be 5/16 in. to % in. 
Transportation and handling of the pipe may dictate the 
minimum thickness of plate. 

Allowable stress in flow pipe lines depends upon whether 
the line will be subjected to water hammer. If the line can 
never be subjected to water hammer 16,000 lb. per sq.in. com- 
bined stress may be allowed. This applies particularly to 
siphons where hoop tension due to water pressure will govern 
the thickness of plate. Penstock design practice, modified to 
fit conditions, may be used in designing and detailing flow 
iine pipe and auxiliary features, such as expansion joints, air 
valves, supports and anchors. 

Protection against rocks and slides is provided on the ex- 
posed flow line from Huntington Lake to Big Creek No. 1 of 
the Southern California Edison Company. The flow lines, 
one of which is back-filled, run along a side hill for some 
distance, and at a point where slides have occurred or are 
liable to occur, a concrete cover protects the exposed line. 
This has proved to be necessary as boulders weighing several 
tons have rolled down the hills during rain storms or spring 
thaws. 

Siphons of small diameter are, as a rule, buried. The 
Drum siphon in the Drum canal of the Pacific Gas and Elec- 
tric Company is about 1,900 ft. long, 102 in. in diameter, 
5/16-in. plate, double lap riveted, and is buried in earth for 
about two-thirds of its diameter for its entire length. The 
siphons on the company’s Tiger Creek conduit are placed on 
concrete and steel piers, which are designed in accordance 
with penstock standards. The formation where these siphons 
will be constructed is broken and solid rock. 

Air valves or vents and blow-off valves are usually found 
on inverted siphons. Huntington-Shaver siphon across Big 
Creek has three 18-in. valves at both upstream and down- 
stream ends. To date they have given satisfactory service 
and are free from any leakage when seated. A_ blow-off 
valve has been provided at the bottom of this siphon. This 
valve is of the needle type and is in series with a gate valve. 
Both are hand operated. Needle valves have been found to 
be very satisfactory for the purpose of draining the line due 
to the ease of operation under the high pressure existing 
which would render a gate valve inoperative without equaliz- 
ing the pressure against its face. 

Blow-off valves are installed at certain points so that in 
case of pipe failure near the low point of the line, the pipe 
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will not be collapsed. The siphon in the Lake Valley Cross- 
over canal of the Pacific Gas and Electric Company is 3,300 
ft. long, is of 24-in. diam., No. 14 gage, riveted steel pipe, and 
was designed ultimately to carry 45 sec.-ft. 

At the lower end of the Lake Valley Cross-over siphon 
mentioned above, the water is carried on down into the Drum 
canal by means of a pipe line about 1,050 ft. long, 15 in. in 
diameter at the upper end, and 14 in. in diameter at the 
lower end, the difference in elevation between the inlet and 
outlet being about 460 ft. This pipe was designed to dis- 
charge freely at the lower end, practically the total head 
being computed to be used in friction and velocity head, thus 
keeping the pressure head very low. This allowed the use 
of No. 12 gage steel. It was necessary to absorb the energy 
of the spouting water at the lower end by means of a baffle 
structure on the bank of the Drum canal. 

One of the most unusual types of shut-off and regulating 
valves is found on the flow line from Huntington Lake to 
tunnel No. 7. This valve is of the shutter type with the two 
leaves butting together at the center line of the pipe. The 
advantage of a valve of this type comes from the shape and 
position of the rectangular jet. An unsymmetrical jet would 
cause the back-filled and unanchored line to vibrate, due to 
water swirl and impact while regulating the flow, under a 
60-ft. head. 

Water hammer in flow lines is usually negligible due to the 
position of surge chambers or surge pipes at the head of the 
penstocks. On water hammer tests conducted by the South- 
ern California Edison Company on an experimental pen- 
stock with a forebay at the top of the line, it was found that 
the pressure wave was of zero magnitude at the forebay. 
With this fact in view, it is apparent that a water hammer 
wave in a penstock will lose its effectiveness by the time it 
reaches a flow line at the head of the penstock. A flow line 
isolated from a penstock could not be affected by water 
hammer save by a stop valve at the end of its line. Due to 
the fact that velocities in flow lines are relatively low in 
magnitude and that the stop valves or gates mentioned above 
are slow in closing in the majority of cases, water hammer 
should not affect the design of the line. Exemplifying the 
latter is the Mono-Bear siphon where a 102-in. butterfly valve 
is located at the.downstream end of the siphon. Due to the 
relatively slow closing time of the valve and the moderate 
velocities through the siphon at this location, the effect of 
water hammer on pipe stress was considered negligible. 

In all but the most unusual cases in the design of a flow 
iine for internal pressure, a minimum plate thickness, as 
determined, gives sufficient strength for any external loading 
it is liable to be subjected to. A condition where the ex- 
ternal pressure might govern design is where the back-filled 
pipe rests on solid rock, and where earth is not tamped 
under the line. Under such a condition, with the pipe par- 
tially filled or just filled, there is a tendency for radial dis- 
tortion due to unequal pressure around the periphery of the 
pipe. Tension and bending will be present in the pipe shell 
and be greatest on the top and at points on the horizontal 
diameter. Such stress would no doubt limit the plate 
thickness and if the above conditions exist, the stresses at 
these points should be carefully considered. Back-fill loading 
on the pipe in this case would aggravate the condition men- 
tioned. 

Measures to keep pipe full to prevent corrosion were not 
taken on the Mono Creek flow line. The amount of water 
regulated by gate control determines when the flow line on 
the Huntington-Shaver diversion runs full. This particular 
feature was not considered in the design of either line. 

Protection against freezing has been obtained on the Mono 
flow line and Mono-Bear siphon which is at over 7,000 ft. El., 
by back-filling the entire line under 4 ft. of cover. At the 
point where the line crosses the river, the pipe is lagged with 
two laminations of wooden planks between which are layers 
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of tarred paper. Two layers of three-ply roofing felt covered 
with asphalt form an outer protective surface for the wooden 
lagging. This protection is necessary due to the small but 
extremely valuable flow through the line during the winter 
months. 

The right-of-way for a flow line usually deviates from a 
ground contour by the amount of grade in order that excava- 
tion may be reduced to a minimum. An example of this is 
found on the Mono flow line which turns through 96 deg. in a 
distance of 70 ft. in erder to follow a side hill contour. The 
width of the right-of-way will depend upon the size of the 
line, amount of construction road required, and the possi- 
bility of parallel lines in the future. 

Roads are aimost always used for the construction of flow 
lines, due to the fact that the lines are fairly level and a 
road is easily constructed on the same grade. Siphons, if 
constructed on steep grades, usually require inclines for their 
construction. 

Tubercles or blisters forming on the interior of flow lines 
will affect capacity. As both Mono flow lines and Hunting- 
ton-Shaver flow line have been in service less than three 
years, no noticeable effect has been observed in the change in 
capacity. Under conditions similar to that at Big Creek 
No. 1, where the flow line is always under pressure which 
varies with elevation at Huntington Lake, fouling of the in- 
terior of the line will cause a loss in effective head at the 
power house. This loss in head may become quite appre- 
ciable as time goes'on. For this reason, cleaning and placing 
4a smooth, protective, enamel coating on the interior will not 
only protect the line, but also help pay for the expense by 
the increase in effective head at the power house. 

Field construction methods used on the Mono flow line are 
described as being typical. The pipe was trucked into the 
approximate location. On the road above the trench into 
which the pipe was to be placed, stood a Linkbelt steam 
shovel with a crane boom attached. The pipe section was 
lifted from the truck by the crane and placed in position in 
the trench. The pipe was then bolted together, and later 
riveted as the riveting crew of four men came along. Exca- 
vation and pipe delivery were controlling factors which 
limited production. A maximum of eleven 17-ft. sections were 
laid and 1,076 %-in. rivets driven during one shift. 

The Pacific Gas and Electric Company has a number of 
wood stave flow lines on the smaller canals. The value of 
“C” in Williams and Hazen’s formula used in their design 
varied from 120 to 130. Small wood stave lines are generally 
supported on concrete or timber saddles. Such lines must 
be protected when subject to slides or rocks from above. The 
section of line which is empty when the flow is cut off, is of 
fir preservative treated, the rest of the line being untreated 
wood. 


REINFORCED CONCRETE PIPE 


The Big Pine No. 3 hydro-electric plant of the Bureau of 
Power and Light system of the City of Los Angeles is sup- 
plied by a 45-in. precast circular concrete pipe for the flow 
Jine conveying water from the diversion works to the pen- 
stock. 

The diversion works consist of a dam 5 ft. high, intake 
flume 6 ft. wide with grate bars and control gate, fish screen 
and leaf scraper, and a combination of settling tanks and by- 
pass delivering the water to the 45-in. flow line. The flow 
jine terminates in a forebay tank 10 ft. in diameter by 23.5 ft. 
deep with an overflow in case of surge and from which the 
steel penstock leads to the power house. 

The flow pipe is a reinforced concrete pipe 45 in. inside 
diameter, 4,730 ft. long, with a slope of 0.0015. The walls 
cf the pipe are 4% in. thick, reinforced with ten coils of 
14-in. wire to each 3-ft. section. Forms were rented and the 
pipe precast on the job in lengths of 36 in. The following 
equipment was used: 
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30 inside forms 
30 outside forms 
15 top rings 

90 bottom rings 


i5-in. steel platforms 
1 45-in. reinforcing platform 


This permitted the construction of 30 lengths per day by 
stripping forms 24 hours after pouring and allowing the pipe 
section to cure for three days on the bottom ring. The pipe 
sections were then delivered to the trench where it was pos- 
sible to reach it by road and rolled to their final location 
along the trench. This method of handling made it necessary 
to cut manholes in the pipe after installation. The concrete 
was cut away far enough to permit installation of frame 
with anchor bolts. 


The rental cost of the metal forms was as follows: 





Rental of forms siisieadiabad . ieiocsian ee 
Loading of forms 22.44 
Freight and hauling. 368.18 

$1,104.62 


The original design was based upon a flow of 40 sec.-ft. 
with Kutter’s “n” value of 0.012 resulting in a 42-in. pipe. 
However, 42-in. fornis were not readily available while forms 
for 45-in. diameter were, so that 45 in. became the proper 
size from a cost standpoint with the added advantage of 20 
ver cent increase in carrying capacity. 

The unit costs on this flow line, including in each item 18.1 
ner cent of field costs for overhead, were as follows: 


Excavation, 5,810 cu.yd. at $2.64 or per lin.ft............. ented $ 3.31 
Making pipe, 1.587 pieces (rental included lin.ft.)-.................... 6.22 
Flacing pipe, per lin.ft. deceit Atihiacih die iieelietanataaaiinaaiabendes 2.64 
Back-fill 2.500 cu.yd. at $4.38 or per Hm. Pt. nn... .nc.cccccccneccccccecescene 2.3 

Total average cost per lin.ft. of pipe ..-$14.53 


This work was done during the summer of 1925. 

The diversion works referred to above embrace two auxil- 
iary structures consisting of a revolving fish screen and leaf 
scraper and also a set of three settling tanks and bypass 
conduit. (This fish screen was described in last year’s report 
of the committee on flow line conduits.) 

The sand trap and bypass are located between the leaf 
scraper of fish screen and the 45-in. flow line pipe. The sand 
trap consists of three bins with suitable baffle walls and 
18-in. iron sluice gates delivering into the bed of the creek. 
A regulating gate at the head of the structure can divert the 
water from the sand boxes to a bypass channel leading direct 
to the flow line pipe. This bypass is 7 ft. wide, constructed 
on the bank of the creek, and the sand boxes are between it 
and the creek bed. 


Maintenance of Hydraulic Works* 


The idea of continuous operation at any cost has been 
so prominent in the minds of those responsible for the 
maintenance of hydro-electric systems that questions of 
efficiency and economies have been overlooked to a con- 
siderable degree. It is the purpose of this report to dis- 
cuss some of the problems of maintenance of hydraulic 


* Report of subcommittee on maintenance of hydraulic works, hy- 
draulic power committee, Engineering Section. J. M. Gaylord, chair- 
man, R. C. Denny, L. O. Murphy, C. C. Ruble, C. P. Vetter, E. J. 
Waugh, G. M. Wills. 


May 15, 1930 — Electrical West 





works and to indicate the desirability of economic studies 
and efficiency measurements in certain instances. 


STANDARD OF MAINTENANCE 


ONTINUOUS operation requires a high standard of 

maintenance of all features which affect the reliability of 
hydro-electric plants. This applies especially to operating 
equipment, penstocks, tunnels, and other parts vital to the 
operation of the plant. 

Equipment should be maintained in first-class operating 
condition at all times. Minutely detailed inspection should be 
made at regular intervals. Repairs should be made by high- 
grade mechanics. Generating units should be overhauled 
thoroughly at least once a year. Long life and continuous 
service are of such importance that the highest possible 
standard of maintenance of all operating equipment is 
justified. 

The minimum maintenance of buildings and other power 
plant structures requires that deterioration of materials be 
prevented. Even this degree of maintenance is not attained 
in some cases and buildings are allowed to depreciate se- 
riously. While this practice does not directly cause loss of 
output it is to be condemned. Neat, orderly appearance of 
structures and grounds has a value since it creates a favor- 
able impression on the public and has a beneficial influence 
on the operating personnel. Men who pride themselves upon 
the appearance of the plant for which they are responsible 
are not apt to overlook defects in operation. Under normal 
conditions the standard of maintenance is set by the men in 
charge, although the demands of continuous service leave 
little leeway for the exercise of judgment except in the matter 
of appearance. Economic studies can be made of a few 
major maintenance items. 


MAINTENANCE OF EFFICIENCY AND CAPACITY 


Loss of efficiency results in an increase of operating ex- 
pense unless surplus water is available and it should be 
closely watched, particularly in the larger plants where 1 
per cent in efficiency may mean thousands of kilowatt-hours 
daily. 

Mechanical inspection rather than test is the usual method 
of determining the necessity of repairs. If wicket gates, 
runners, needles, or buckets are worn sufficiently to affect 
their strength or proper operation they are renewed but 
efficiency is reduced long before the parts fail structurally. 
Many hydraulic units are equipped with venturi meters and 
regular checks of water against output are made to determine 
if capacity or efficiency has fallen off. Such tests are subject 
to inaccuracies due to errors in measuring head, quantity 
and output, but are very valuable in giving a continuous 
indication of efficiency and capacity. With large units a 
weekly capacity test is recommended. Records should be 
kept of the results and comparison made with previous read- 
ings to detect any reduction of efficiency or capacity. 

Accurate field tests to determine the absolute efficiency of 
hydraulic units are expensive even when units are equipped 
with flow meters and such tests are seldom used in connec- 
tion with maintenance work. Such tests are of great value 
in the operation of the units, however. 


A detailed description of the various maintenance pro- 
cesses is beyond the scope of this report but it is of interest 
to indicate the principle parts of hydraulic plants which 
require maintenance as reported by the member companies 
of the Pacific Coast. 


Dams—There are comparatively few parts of a dam which 
are subject to deterioration and maintenance is correspond- 
ingly small. Two companies report damage to concrete dams, 
due to spalling of concrete by frost action. Various coatings 
intended to prevent moisture entering the concrete have been 


tried with only moderate success. These coatings have in- 
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cluded various asphalt emulsions, tar products, aluminum 
paint and membrane coatings, such as roofing felt. All of 
these coatings require maintenance each year. 

One company reports the renewal in 1929 of the timber 
facing of a rock-fill dam. The original facing was placed in 
1907 and 1908 and was of native Geoffrey pine which is quite 
inferior to most commercial lumber. The new facing is to 
be of redwood, supported by creosoted Douglas fir. Another 
company reports a life of fifteen to twenty years for wooden 
facings. At one reservoir the up-stream faces of the dam 
are being backfilled above the winter water line to prevent 
damage to the concrete. 

Tunnels—Turning the water out of a power tunnel usually 
involves a considerable loss of power and the value of this 
power must be considered in planning maintenance work. 
Bad leaks must be repaired but minor leaks and loss of 
capacity may cost less than the necessary repairs. An inter- 
esting case arises at the Kern River No. 3 plant of the 
Southern California Edison Company where caddis worms 
on the tunnel linings reduce the capacity of the conduit. 
The effect is of importance only during the runoff period 
when water is available in excess of canal capacity. As 
warm weather approaches the condition becomes worse due 
to the growth of the worms but it does not pay to shut down 
the plant to clean the tunnels unless the saving in output 
during the remainder of the runoff is greater than the loss of 
output during the shutdown. An estimate of the remaining 
runoff and the length of the shutdown must show a reasonable 
saving before the work is approved. 

Irrigation interests in many instances require that leakage 
be kept at a minimum, which necessitates repairs not justified 
by power considerations alone. Noticeable leaks or vegetation 
along the banks sometimes bring criticism which must be 
heard. 

Broken concrete linings due to swelling ground or ex- 
cessive pressure, leakage due to porous or defective concrete, 
fallen rocks and similar troubles are the principal items re- 
quiring maintenance. These things usually can be repaired 
easily once the tunnel is empty. 

Pipe Lines—The location, design, and construction of pen- 
stocks are of greatest importance in their maintenance. An 
exposed penstock, properly supported on piers and painted 
inside and out usually can be properly maintained and should 
receive the same careful attention that is given operating 
equipment of the power station. The loss of power and diffi- 
culty of repainting the interior surfaces, particularly of small 
and steep pipes, makes it doubtful if such work is justifiable 
in many cases and an economic study of various alternatives 
should be made. 

One company reports the repainting of the interior sur- 
faces of two penstocks which had become so badly rusted that 
the loss of head was excessive. The saving in power and 
added pipe life amply justified the cost of the work. 

Repainting the exterior surfaces of buried pipes involves 
the expense and risk of excavation, and is seldom attempted. 
Proper drainage of soil greatly increases the life of buried 
steel pipe. 

Canals and Flumes—-Proper maintenance of canals and 
flumes includes the safety of structures, lining and banks, 
the maintenance of carrying capacity, the prevention of wea 
of metal flume sheets and the prevention of leakage. he 
safety of the structures and banks is largely left to the judg- 
ment of the maintenance men but other repairs calling for 
the unwatering of the conduit must be considered from the 
cost standpoint as in the case of tunnels. Removal of silt 
and vegetable growths from canals can be accomplished to 
some extent with water in the canals but thorough cleaning 
can be done only with an empty canal. Leakage through 
porous lining and banks is troublesome in many cases and 
must be held down to a reasonable minimum by patching, 
plastering or guniting concrete linings or by silting or suit- 
able treatment of the inner surfaces of earth canals. 


360 


The maintenance of wooden flumes requires frequent patrol 
and inspection. Leakage through joints in the flume box, 
failure of boards, side posts and cross ties, leakage around 
headwalls and sagging of flume due to failure of footings or 
supports must be carefully watched. Old wooden flumes may 
require patrolling as often as twice a day to anticipate and 
prevent disastrous breaks. 

The maintenance of steel flumes is much less expensive. 
Wear of sheets at the bottom of the flume due to sand is a 
question receiving attention at this time. It appears to be 
very much worth while to cover the flumes at the bottom 
with a protective coating which will resist the abrasion and 
which can be renewed at reasonable expense when necessary. 
With the small amount of leakage from steel flumes, footings 


and supporting structures are kept dry and require less 
maintenance. 


Impulse Wheels—Impulse wheels have few wearing parts 
and maintenance work is comparatively simple. Needle tips 
and throat rings require frequent renewal even with com- 
paratively clear water. Steel parts with hard metal coatings 
are being used in many plants. This type of construction, 
while high in first cost, shows excellent wearing qualities. 
The use of special steels for the parts also promises good 
results. Buckets, if made of proper material, have long life 
in clear water, but wear is greatly accelerated by silt and 
sand in the water. The life of buckets varies from a few 
weeks to fifteen yaers or more according to conditions. 


Reaction Turbines—Reaction turbines have more wearing 
parts and are more difficult to maintain than impulse wheels. 
Seal ring clearance increases in operation and rings should 
be changed when this reaches the allowable maximum. 
Wicket gates become worn by water and silt and permit leak- 
age to such an extent as to interfere with the proper start- 
ing and stopping of the unit. Runners wear and in some 
cases fail by cavitation or pitting. All of these parts must 
be renewed when inspection shows poor condition or tests 
indicate loss of efficiency. 


Governors—The increasing use of synchronous electric 
clocks has produced a demand for closer speed regulation and 
system time control. The quality of speed control depends 
to a large extent on the condition of the governors and more 
careful maintenance of these parts is required. Regulating 
valves must be kept in perfect condition and lost motion in 
all parts of the governor must be kept at a minimum if 
precise regulation is to be attained. 


THE MAINTENANCE PROGRAM 


In a system comprised of a*large number of generating 
units the planning of maintenance becomes important. Ad- 
vantage must be taken of seasonal variations in stream flow 
and in power demand to take units out of service for mainte- 
nance work when the value of the power lost will be a mini- 
mum. If there are several units in a plant, units can be 
repaired without loss of power during the low water season 
but if a plant is operated by stored water it may be advisable 
to do the repair work during the high water season when 
stream-flow plants will be operating at maximum capacity. 
In a combined steam and hydro system, due consideration 
must be given to the requirements of maintenance werk on 
steam units to the end that the entire maintenance program 
may be accomplished with a minimum cost for lost power and 
adequate generating capacity kept in service at all times. 
For best results it is advisable to plan the work six months 
cr more in advance. Such planning facilitates the budgeting 
of maintenance expenses and is in line with best modern 
practice. 


Adequate records of repairs should be kept in the station 
files. A complete history of each important piece of equip- 
ment will often assist in diagnosing trouble and deciding on 
repairs. It is an important source of information in con- 
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sidering the desirability of special features of design. In 
small stations a simple log book of repair work usually is 
sufficient but in large plants an “equipment history” file cov- 
ering all important apparatus is desirable. 


REPLACEMENT OF UNITS 


Maintenance of the system comprises not only routine re- 
pairs paid for as a part of current expense, but also includes 
the replacement of complete units of complete plants which 
is properly covered by depreciation reserve. Such replace- 
nents involve the retirement from capital of the old units and 
addition to capital of the new equipment or plant. 

The Southern California Edison Company in 1929 replaced 
one complete plant and one generating unit in another plant. 
The unit replaced had a capacity of 500 kw. and was in- 
stalled in 1905, giving an actual life of 24 years. The prime 
mover was an obsolete type of turbine. The controlling rea- 
sons were obsolescence, low efficiency, saving in operating 
expense due to automatic operation of the new unit and the 
fact that the canal capacity was slightly in excess of the 
installed turbine capacity, making a larger unit desirable. 

The plant replaced was built in 1899 and contained three 
450-kw. units. In this case it was possible to demonstrate 
a sufficient saving in operating expense and gain in output to 
justify the expenditure for new construction. The units 
were driven by an obsolete type of impulse wheel. There 
were no governors and constant attendance was necessary. 
The equipment was in poor mechanical condition. Estimates 
showed a considerable saving in operating expense, also a 
gain in output due to increased efficiency and additional head 
on the new unit. 

A complete replacement of a 10,000-kw. plant is now under 
consideration and a brief analysis of the problem may be of 
interest. The plant was built in 1905 and contains five 2,000- 
kw. units. The head is 262 ft. and the over-all operating effi- 
ciency is 15.5 kw. per sec.-ft. The firm power is 1,500 kw. 
and the present average annual output 54,000,000 kw.-hr. 
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The cost of continuing the operation of the p-esent plant 
for the next 20 years was estimated assuming a moderate 
increase above present costs each year and including at 
various intervals certain extraordinary expenses such as re- 
placement of runners, transformers, valves, etc. 


In order to determine the uniform equivalent operating 
cost, the present worth of these various operation and main- 
tenance costs was determined, assuming 6 per cent compound 
interest. This process gave a sum which would take care of 
all expenses as they might arise in the operation of the plant. 
The average uniform rate of spending the principal and 
interest in the 20-year period considered can be found in 
annuity tables and is the desired figure to be used as the 
average cost of operation and maintenance. To this cost 
was added the cost of steam standby power including opera- 
tion, maintenance and fuel costs. 


In the same way the average uniform cost of operating 
the new plant was estimated. The saving in operating ex- 
pense plus the value of the additional power to be obtained 
from the new plant represents the total benefit to be secured 
from the proposed replacement. This annual saving must 
pay interest and depreciation on the new money to be spent 
and thus determines the maximum permissible expenditure 
for reconstruction. 


New DESIGNS 


The number of units, the arrangement of penstocks and 
valves, and the details of machine design all have important 
bearings on maintenance and these points require careful 
study in the designing office. Studies should be made bal- 
ancing the cost of duplicate capacity and refinements of 
design against possible savings in maintenance costs and 
losses due to outages of equipment. Plants are only built to 
operate and the best design is that which permits minimum 
maintenance costs and most reliable operation. 
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Mechanical Reliability of Hydro- 
Electric Units* 

The report of the subcommittee on mechanical relia- 
bility of hydro-electric units this year is a continuation 
of the detailed study and analysis of data covering the 
operation of hydro-electric generating units in Pacific 


Coast plants. This is the sixth year of a continuing 
study of these records. 


HE subcommittee on mechanical reliability of hydro- 

electric units presents herewith the sixth annual report 
on the operation of generating units within the territory 
of the Pacific Coast Electrical Association. The same word 
of caution in studying and analyzing the report that has 
prefaced previous reports must again be emphasized, and 
the reader should bear in mind that care must be taken 
in the forming of conclusions, because a full knowledge of 
the factors which have caused large or unusual outages is 
necessary before direct comparisons of equipment can be 
made. Outages may be due to faulty design, installation 
cr operation, but it is not practical to differentiate the con- 
tributing causes in a tabular report without an extensive 
supplementary explanatory history. In comparing results, 
therefore, care must be taken that injustice is not done to 
a manufacturer whose equipment may have been improperly 
installed or operated or that a poor machine, well maintained 
and operated is not put above a good machine which is 
improperly maintained and operated. The report as pre- 
sented is a truly representative cross-section of general con- 
ditions and the results herein set down are average and 
what may well be expected in practice over a period of time. 


* Report of subcommittee on mechanical reliability of hydro-electric 
units, hydraulic power committee, Engineering Section. a - 
Dinapoli, Pacific Gas and Electric Company, chairman. R. E. 
Ballew, E. M. Breed, P. H. Gilbert, J. W. Jourdan, B. N. Merritt, 
Harry Olsen, L. M. Perrin, C. P. Rhine, R. R. Robinson, G. M. Wills. 





The addition of each year’s record of operation adds to the 
value of the report, because the irregularities of infrequent 
and periodical overhauls and renewals become smoothed out 
in the averages of a long period of time and the final sta- 
tistics represent the probable performance of the equipment 
in service. 

The report for the year 1929 covers a total of 71 units 
installed in 31 plants and having a grand total of 1,651,380 
hp. There are 33 vertical turbine units with a total rating 
of 772,480 hp. driving vertical generators rated at 613,200 
kva. The horizontal shaft units were divided among four 
turbines with a total rating of 64,700 hp. and 34 impulse 
wheels with a total rating of 814,200 hp. driving 38 hori- 
zontal generators with a total rating of 673,919 kva. The 
vertical turbines range in size from 10,500 hp. to 44,000 hp. 
and average 23,400 hp. Speeds vary from 171.4 r.p.m. to 
600 r.p.m. and static heads from 157 to 820 ft. The impulse 
wheels range in size from 9,500 hp. to 56,000 hp. with an 
average of 23,950 hp. Speeds vary from 143 r.p.m. to 514 
r.p.m, and static heads from 880 ft. to 2,563 ft. 

The following tabular data show the operation of the units 
for the year 1929 together with the previous five years of 
operation and present the total and average kilowatt-hours 
generated as well as the segregated outage hours listed in 
accordance with the cause of outage. Brief footnotes indi- 
cate the nature of unusual outages, but it has not been 
possible to include detailed explanations. The report is weli 
worth the time required for its complete study and affords 
an illuminating insight into the reasons for outages. Some 
are of a minor nature but frequently occurring, others are 
major casualties. The former are generally subject to cor- 
rection when their nature is determined and better perform- 
ance of equipment will result. The latter cannot usually be 
forestalled and are in the nature of unforseen accidents 
which are unpreventable. 
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+ 5 6 7 8 9 10 11 12 13 14 15 16 

Kilowatt Analysis of Idle Time Maximum its A Average 

Plant Rating Kilowatt Average Average Possible CG verage Octemn Service 

Index of Year Hours Service Idle Total Average Average Average Average Average Service pe roe Dema id 
Number Each Generated Time Time Total Outage Outage Reserve Demand Time actor actor — 
Generator Outage Time Time Time Time ability 

Time Whea in When 4 Factor 

(9)+(10) Demand Notin (6)—(8) (5)+(9) (5)+(1) _@)  _@ 6) _ 
Deman (2)x8,.760 (2) x (5) (12) 

Dotepeciankeesd aa 13,500 1929 49,675,050 72.18 27 .82 100 3.98 0.02 3.96 23 84 72.20 96 02 0.420 0.582 1.000 
2. . 16,000 1929 86,404,500 82 33 17.67 100 0.26 0.01 0.25 17.41 82.34 99 7 0.616 0 749 1.000 
B54 - 10,030 1929 25,464,000 99.7 0.23 100 0.23 0.00 0.23 0.00 99.77 99 77 0.291 0.291 1.000 
4.. . 10,000 1929 40,504,000 99 78 0.22 100 0.22 0 00 0.22 0.00 99.78 99 73 0.462 0.463 1.0)0 
Bes .. 31,500 1929 134,947,000 55.73 44.27 100 0.16 0.0) 0.16 44.11 55.73 99.84 0.489 0.878 1.090 
6 ... 24,300 1929 117,346,667 79.82 20.18 100 0.97 0 09 0.97 19.21 79 82 99 03 0.551 0.691 1.090 
7 . 11,360 1929 60,563,700 95.72 4.28 100 4.25 0.03 4.22 0 04 95 75 95.76 0.608 0.636 1.090 
Bibveccesssn tua 8,480 1929 41,214,000 99.93 0.07 100 0.00 0.00 0.00 0 07 99 93 100 00 0.555 0.556 1.000 
9 . 25,000 1929 141,541,000 69.87 30.13 100 15.15 0.40 14.75 14.98 70.27 84.85 0.646 0.925 0.994 
Dei cctes wee 28,000 1929 69,294,000 52.79 47.21 100 4.44 0.09 4.35 42.77 52.88 95.56 0.352 0.666 0.998 
... 31,500 1929 106,872,683 83 .43 16.57 100 4.14 0.00 4.14 12.43 83 43 95.86 0.679 0.814 1.000 
vv. .-. 15,750 1929 66,725.000 63.15 36.85 100 0.16 0.16 0.00 36.69 63 31 99 84 0.484 0.766 0.998 
12A. .. 10,000 1929 76,038,250 95.65 4.35 100 3.45 0.22 3.24 0.90 95.86 96.55 0.868 0.907 0.999 
Ee kevin . 10,000 1929 62,825,500 91.85 8.15 100 0.44 0.01 0.43 7.70 91.86 99.55 0.717 0.781 1.090 
13... 12,150 1929 34,043,500 50.75 49.25 100 8.93 0.00 8.93 40 32 50.75 91.07 0.320 0.630 1.000 
14.. . 14,000 1929 39,131,500 54 79 45.21 100 3.32 0.48 2.84 41.88 55.27 96.67 0.319 0.582 0.991 
15 ni 6,400 1929 20 097,000 72.24 27.76 100 7.98 0.00 7.98 19.78 72.24 92.02 0.358 0 496 1.000 
os . 10,000 1929 38,889,800 72.16 27.84 100 3.57 3.45 0.13 24.27 75 60 96 43 0.444 0.615 0.954 
22 agin é 12,000 1929 28,571,400 67.45 32.55 100 26.80 0.00 26.80 5.7 67 45 73.19 0.272 0.403 1.000 
PR TE 6,250 1929 13,795,000 99.48 52 .100 0.22 0.22 0.00 0.31 99.70 99 79 0.254 0 255 0.998 
Wacceces j . 20,000 1929 153,350,333 96.97 3.03 100 2.14 0.52 1.62 0.89 97.49 97 86 0.875 0.903 0.995 
32.. 20,000 1929 73,680,850 67.90 32.10 100 2.77 0.00 2.77 29.33 67 90 97.23 0.421 0 620 100 
33 .. 6,000 1929 25,654,500 62.67 37.33 100 26.66 0.00 26.66 10.67 62.67 73.34 0.488 0.779 1.000 
34... ... 10,000 1929 29,901,800 97.01 2.99 100 1.43 0.00 1.43 1.56 97.01 98 57 0.341 0.352 1.000 
354A . 12,000 1929 31,263,600 83.09 16.91 100 9.91 0.00 9.91 7.00 83.09 90.09 0.297 0.358 1.000 
35B.. . 12,000 1929 33,547,200 84.35 15.65 100 8.79 000 8.79 6.86 84.35 91.21 0.319 0.378 1.000 
a 12,000 1929 46,615,200 93.72 6.28 100 3.04 0.00 3.04 3.24 93.7 96 96 0.443 0.473 1.000 
36A. ... 14,000 1929 70,450,000 83.7 16.22 100 3.68 0.C0 3.68 12.55 83.78 96 33 0.574 0.686 1.0€0 
36B . 15,750 1929 65,339,000 72.97 27.03 100 1.2 0.C0 1.29 25.74 72.96 98 71 0.474 0.650 1.000 
36C.. 25,000 1929 133,788,000 82.32 17.68 100 2.88 0.71 2.17 14.81 83 .03 97.13 0.611 0.742 0.992 
Bes sncakaheswe 14,000 1929 82,017,720 86.2 13.7 100 5.14 0.14 5.00 8.63 86.37 04.86 0.669 0.776 0.998 
Be cu cewerearnne 15,750 1929 69,941,620 74.90 25.10 100 1.95 0.00 1.95 23.15 74.00 98 .05 0.507 0.677 1.000 
ORD leo Guso% os each 40,000 1929 87,779,400 41.32 58.68 100 17.16 0.C0 17.16 41.52 41.32 82.84 0.251 0.606 1.000 
Rs oeaebivin nee wie 40,000 1929 80,445,000 38.92 61.08 1(0 3.06 0.00 3.06 58.03 38.92 96.95 0.230 0.590 1.000 
See ceieuekcuee 4,000 1929 $2,354,812 75.49 24.51 100 0.06 0.03 0.02 24.45 75.53 99.94 0.923 1.223 1.000 
39 . 12,500 1929 18,575,000 92.73 7.27 100 0.72 0.72 0.00 6.55 93 45 99.28 0.170 0.183 0.993 
OP, wazisiassassaad 31,000 1929 101,387,000 53.60 46 40 100 8.88 3.65 0.23 42.55 57.20 96.15 0.374 0.697 0.936 
41A.. ... 10,000 1929 14,428,700 77.05 22.95 FIG ww recetecceccdeveccnvecccedenecpuvags usec Uber averceds 0.165 ae . ~eeeee 
41B.. .. 20,000 1929 71,655,100 77.68 22.32 BD kts cep enncncheectsbeuvsudesenssdesereuniedasteneeesiae 0.409 Cie. .<hekes 
42. . 17,500 1929 114,622,000 85.76 14.24 100 5.20 0.00 5.20 9.04 85.76 94.80 0.748 0.872 1.000 
*Avg. Hydro Units. . 16,373 1929 65,911,992 77.17 22.83 100 4.96 0.29 4 67 17.87 77.46 95.04 0.485 0.638 0.986 








*Plants No. 41A and 41B are not included in the averages. 
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TABLE !1!—Hydro-Electric Plant Operating Record—1924-29 


1 2 3 4 5 6 7 8 9 10 ll 12 13 14 15 . 

Analysis of Idle Time Average 

Kilowatt Maximum Average Average Service 
Plant Rating Kilowatt ‘Average Average Average Possible Capacity Output Demand 
Index of Year Hours Service Idle Total Average Average Outage Average Average Service Factor Factor Avail- 
Number Each Generated Time Time Total Outage Time Reserve Demand Time ability 
Generator Outage Time When Time Time Factor 

Time Whenin Not in RS ea! 

(9) (10) Demand Demand (6)—(8) (5)‘(9) (5) ‘(11) (2)x8,760 (2) x (5) (12) 

1925 24,640,450 63.20 36.80 100 18.60 18.60 0.00 18.20 81.80 81.40 0.520 0.797 0.772 

1926 52,432,500 72.90 27.10 100 2.58 2.42 0.16 24.52 75.32 97.42 0.443 0.608 0.968 

1 13,500 1927 73,814,300 80.90 19.10 100 0.41 0.06 0.35 18.69 80.96 99.59 0.624 0.772 0.999 
1928 67,833,000 84.23 15.77 100 0.35 0.07 0.28 15.42 84.30 99.65 0.572 0.679 0.999 

1929 49,675,050 72.18 27.82 100 3.98 0.02 3.96 23 .84 72.20 96.02 0.420 0.582 1.000 

Weighted Avg. 60,570,970 74.68 25.32 100 5.18 4.23 0.95 20.13 78.92 98 .82 0.516 0.688 0.948 

2 16,000 1928 55,233,000 92.48 7.52 100 0.36 0.36 0.00 7.16 92.84 99.64 0.587 0.635 0.996 
1929 86,404,500 82.33 17.68 100 0.26 0.01 0.25 17.41 82.34 99.74 0.616 0.749 1.000 

Weighted Avg. 77,127,250 87.40 12.60 100 0.31 0.18 0.12 12.28 87.59 99.69 0.601 0.692 0.998 

1924 28,706,000 98.90 1.10 100 0.91 0.91 0.00 0.19 99.81 99.09 0.326 0.331 0.991 

1925 28,304,000 97.80 2.20 100 1.10 0.71 0.40 1.10 98.51 98.90 0.323 0.331 0.994 

1926 23,412,000 97.60 2.40 100 2.14 0.00 2.14 0.26 97.60 97 .86 0.267 0.274 1.000 

3 10,000 1927 26,557,000 96.99 3.01 100 3.01 0.00 3.01 0.00 96.99 96.99 0.303 0.312 1.000 
1928 26,635,000 97.00 3.00 100 3.00 0.00 3.00 0.00 96.98 97.00 0.303 0.312 1.000 

1929 25,464,000 99.77 0.23 100 0.23 0.00 0.23 0.00 99.77 99.77 0.291 0.291 1.000 

Avg. 26,512,999 98.01 1.99 100 1.73 0.27 1.46 0.26 98.28 98.27 0.300 0.310 0.998 

1924 48,121,000 97.30 0.70 100 0.41 0.41 0.00 0.29 99.71 99.59 0.548 0.552 0.996 

1925 46,341,000 93.90 6.10 100 0.548 0.365 0.182 5.552 94.26 99.45 0.529 0.563 0.996 

1926 43,324,000 97.10 2.90 100 2.88 0.00 2.88 0.02 97.10 97.12 0.494 0.509 1.000 

4 10,000 1927 44,826,000 95.57 4.43 100 4.43 0.00 4.43 0.00 95.57 95.57 0.512 0.536 1.000 
1928 43,925,000 96 .86 3.14 100 3.14 0.00 3.14 0.00 96.86 96.86 0.500 0.516 1.000 

1929 40,504,000 99.78 0.22 100 0.22 0.00 0.22 0.00 99.78 29.78 0.462 0.463 1.000 

Avg. 44,506,834 97.08 2.92 100 1.94 0.13 1.81 0.98 97.21 98.06 0.508 0.523 0.999 

1926 131,161,500 57.70 42.30 100 0.46 0.00 0.46 41.84 57.70 99.54 0.475 0.823 1.000 

1927 152,223,500 73.11 26.89 100 0.00 0.00 0.00 26.89 73.11 100.00 0.552 0.755 1.000 

5. 31,500 1928 149,144,500 69.71 30.29 100 0.51 0.00 0.51 29.78 69.72 99.49 0.539 0.772 1.000 
1929 134,947,000 55.73 44.27 100 0.16 0.00 0.16 44 11 55.73 99.84 0.489 0.878 1.000 

Avg. 141,869,125 64.06 35.94 100 0.28 0.00 0.28 35.66 64.06 99.72 0.514 0.807 1.000 

1926 117,280,000 70.80 29.20 100 6.33 0.00 6.33 22.87 70.80 93 .67 0.551 0.778 1.000 

‘ 24,300 1927 128,280,000 79.91 20.09 100 2.94 0.00 2.94 17.15 79.91 97.06 0.602 0.753 1.000 
1928 125,673,333 83.13 16.87 100 3.08 0.00 3.08 13.79 83.13 96.92 0.589 0.708 1.000 

1929 117,346,667 79.82 20.18 100 0.97 0.00 0.97 19.21 79.82 99.03 0.551 0.691 1.000 

Avg. 122,145,000 78.42 21.58 100 3.33 0.00 3.33 18.26 78.41 96.67 0.573 0.732 1.000 

1924 36,208,333 76.80 23 .20 100 3.32 0.06 3.26 19.88 76.86 96.68 0.363 0.473 0.999 

1925 66,613,999 95.90 4.10 100 3.20 0.21 2.99 0.90 96.10 96.80 0.669 0.698 0.998 

1926 63,823,333 93.60 6.40 100 1.99 0.24 1.75 4.41 93 .84 98.01 0.641 0.685 0.998 

7, 11,360 1927 69,710,700 98.44 1.56 100 0.23 0.23 0.00 1.33 98.67 99.77 0.701 0.712 0.987 
1928 67,470,667 96.20 3.80 100 1.51 0.17 1.34 22.29 96.37 98.49 0.676 0.703 0.998 

1929 60,563,700 95.72 4.28 100 4.25 4.03 4.22 0.04 95.75 95.76 0.608 0.636 1.000 

Avg. 60,731,790 92.78 7.22 100 2.42 0.82 2.26 8.14 92.93 97.58 0.609 0.651 0.998 

1924 29,437,000 99.80 0.20 100 0.025 0.025 0.00 0.18 99.82 99.98 0.335 0.336 1.000 

1925 50,239,000 92.00 8.00 100 7.22 7.22 0.00 0.78 99.22 92.78 0.667 0.736 9.027 

1926 43,687,000 99.20 0.80 100 0.12 0.12 0.00 0.68 99.32 99.88 0.588 0.593 0.999 

8 8,480 1927 59,494,000 97.86 2.14 100 1.50 1.48 0.02 0.64 99.34 98.50 0.800 0.818 0.986 
1928 41,504,000 97.50 2.50 100 2.39 2.39 0.00 0.14 99.86 97.64 0.557 0.572 0.976 

1929 41,214,000 99.93 0.07 100 0.00 0.00 0.00 0.07 99.93 100.00 0.555 0.556 1.000 

Avg. 44,262,500 97.72 2.28 100 1.88 1.87 0.00 0.42 99.58 99.30 0.584 0.602 0.981 

1924 78,223,547 45.16 54.84 100 18.02 0.71 17.31 36.82 45.87 81.98 0.356 0.789 0.985 

1925 I <ptnne . *  samt's cat || gee vane eee etn idee... eee wp Bas ee aah 

1926 137,239,920 64.69 35.31 100 2.75 0.00 2.75 32.56 64.69 97.25 0.627 0.969 1.000 

9 . 25,000 1927 173,524,333 80.79 19.21 100 1.54 0.02 1.52 17.67 80.81 98.46 0.792 0.980 1.000 
1928 148,483,000 72.96 27.04 100 7.45 3.33 4.12 19.59 76.29 92.55 0 676 0.926 0.956 

1929 141,541,000 69 87 30.13 100 15.15 0.40 14.75 14.98 70.27 84.85 0.646 0.925 0.994 

Avg. 135,802,200 66.69 33 .31 100 8.98 0.89 8.98 24.32 67.59 91.02 0.602 0.918 0.987 

1924 21,997,194 38.07 61.93 100 11.36 8.74 2.62 50.57 46.81 88 64 0.111 0.292 0.813 

1925 124,018,312 81.51 18.49 100 2.46 2.34 0.12 16.03 83.85 97.54 0.629 0.772 0.972 

1926 133,547,683 78.13 21.87 100 6.78 6.52 0.26 15.09 84.65 93 .22 0.678 0.867 0.923 

10A. 22,500 1927 177,007,475 91.33 8.67 100 1.72 0.13 1.59 6.95 91.46 98 .28 0.898 0.984 0.998 
1928 182,737,000 91.99 8.01 100 3.77 0.00 2.77 5.24 91.99 97.23 0.924 1.005 1.000 

1929 69,294,000 52.79 47.21 100 4.44 0.09 4.35 42.77 52.88 95.56 0.352 0.666 0.998 

Avg. 118,100,280 72.30 27.70 100 4.92 2.97 1.95 22.78 75.27 95.08 0.599 0.764 0.951 

10B.. 31,500 1929 106,872,683 83.43 16.57 100 4.14 0.00 4.14 12.43 83 .43 95.86 0.679 0.814 1.000 
1924 50,602,500 51.28 48.72 100 24.87 0.92 23.95 23 .85 52.20 75.13 0.366 0.713 0.982 

1925 88,756,757 77.63 22.37 100 0.41 0.41 0.00 21.96 78.04 99.59 0.643 0.929 0.995 

1926 73,679,500 72.55 27.45 100 1.74 1.37 0.37 25.71 73.92 98 26 0.534 0.735 0.981 

a 15,750 1927 93,222,500 76.91 23 .09 100 2.35 0.16 2.19 20.74 77.07 97.65 0.676 0.878 0.998 
1928 70,224,500 63 .96 36.04 100 2.98 0.24 2.74 33.06 64.20 97.02 0.507 0.793 0.996 

1929 66,725,000 63.15 36.85 100 0.16 0.16 0.00 36.69 63.31 99.84 0.484 0.766 0.998 

Avg. 73,868,460 69.25 30.75 100 5.42 0.54 4.88 27.0 68.12 94.58 0.535 0.786 0.992 

1926 65,820,000 91.47 8.53 100 7.48 0.81 6.67 1.05 92.28 92.52 0.751 0.821 0.991 

12A 10,000 1927 76,170,750 95.75 4.25 100 1.17 0.02 1.15 3.08 95.77 98 83 0.869 0.908 1.000 
1928 65,806,750 89.30 10.70 100 6.90 0.00 6.90 3.82 89 28 93.12 0 749 0.839 1.000 

1929 76,038,250 95.65 4.35 100 3.45 0.22 0.24 0.90 95.78 96.55 0 868 0.907 0.999 

Avg. 70,958,938 93 .04 6.96 100 4.75 0.26 3.74 2.21 93 .28 95.26 0.809 0.869 0.998 

1926 66,238,000 98.46 1.54 100 0.33 0.29 0.04 1.21 98.75 99.67 0.756 0.768 0.997 

12B. 10,000 1927 68,470,500 93 .89 6.11 100 0.76 0.00 0.76 5.35 93.89 99.24 0.782 0.833 1.000 
1928 67,594,500 97.80 2.20 100 1.24 0.00 1 24 0.92 97.84 98.72 0.769 0.878 1.000 

1929 62,825,500 91.85 8.15 100 0.44 0.01 0.43 7.70 91.86 99.55 0.717 0.781 1.000 

Avg. 66,282,125 95.50 4.50 100 0.69 0.08 0.62 3.80 95.58 99.30 0.756 0.792 0.999 

1927 16,625,000 48.00 52.00 100 11.17 0.00 11.17 40.83 48.00 88 83 0.310 0.645 1.000 

13. 12,150 1928 33,891,500 62.13 37 .87 100 7.81 0.00 7.81 30.05 62.14 92.18 0.317 0.511 1.000 
1929 34,043,500 50.75 49.25 100 8.93 0.00 8.93 40.32 50.75 91.07 0.320 0.630 1.000 

Weizhted Avg. 33,728,333 53 .63 46 37 100 9.30 0.00 9.30 37.07 53 63 90.69 0.316 0.595 1.000 

1927 35,419,500 58.65 41.35 100 0.00 0.00 0.00 41.35 58.65 100.00 0.289 0.492 1.000 

14 14,000 1928 RS Seren. + casi asi. ‘Wanas - bebege Segoe  Ceeeeae einen Deere ae okaee ono 
1929 39,131,500 54.79 45.21 100 3.32 0.48 2.84 41.88 55.27 96.67 0.319 0.582 0.991 

Avg. 37,275,500 56.72 43.28 100 1.66 0.24 1.42 41.61 56.96 98 34 0.304 0.537 0.995 

15 6,400 1929 20,097,000 72.24 27.76 100 7.98 0.00 7.98 19.78 72.24 92.02 0.358 0.496 1.000 
1925 56,376,800 82.00 18.00 100 7.86 5.92 1.94 10.14 87.92 92.14 0.643 0.784 0.932 

1926 46,078,800 75.90 24.10 100 0.13 0.01 0.12 23 .97 75.91 99 87 0.526 0.693 1.000 

21.. 10,000 1927 64,621,350 81.34 18.66 100 0.54 0.24 0.30 18.12 81.58 99 46 0.738 0.907 0.997 
1928 55,981,000 83 69 16.31 100 2.81 2.73 0.08 13.50 86.42 97.19 0.637 0.762 0.968 

1929 38,889,800 72.16 27.84 100 3.75 3.45 0.13 24.27 75.60 96.43 0.444 0.615 0.954 

Avg. 52,389,550 79.02 20.98 100 3.02 2.47 0.51 18.00 81.69 97.10 0.598 0.752 0.970 

1924 19,056,600 82.70 17.30 100 0.50 0.50 0.00 16.80 83.20 99.50 0.181 0.219 0.994 

1925 47,626,200 96.00 4.00 100 0.52 0.18 0.34 3.48 96.18 99.48 0.453 0.472 0.998 

1926 28,944,000 79.50 20.50 100 20.50 3.42 17.15 0.00 82.92 79.50 0.275 0.346 0.960 

22 12,000 1927 34,894,800 92.18 7.82 100 2.11 0.00 2.11 5.71 92.18 97.89 0.332 0.360 1.000 
1928 40,014,000 82.12 17.88 100 3.03 0.00 3.03 14.84 82.13 96.96 0.379 0.462 1.000 

1929 28,561,400 67.45 32.55 100 26.80 0.00 26.80 5.74 67.45 73.19 0.272 0.403 1.000 

Avg. 33,184,500 83 33 16.68 100 8.91 0.68 8.24 7.76 84.01 91.09 0.315 0.377 0.992 
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Kilowatt 


Plant Rating 
Index of 
Number Each 
Generator 
23 6,250 
31 20,000 
32 20,000 
Weighted 
33 6,000 
34 10,000 
35A 12.000 
35B 12,000 
35¢ 12,000 
Weighted 
36A 14,000 
36B. 15,750 
36C 25,000 
Weighted 
37A 14,000 
37B 15,750 
37C 40,000 
37D 40,000 
38 4,000 
39 12,500 
40. 31,000 
Weighted 
41A 10,000 
41B.. 20,000 
Goss: 17,500 


Year 


1926 
1927 
1928 
1929 
Avg. 
1926 
1927 
1928 
1929 
Avg. 
1928 
1929 
Avg. 
1924 
1925 
1926 
1927 
1928 
1929 
Avg. 
1925 
1926 
1927 
1928 
1929 
Avg. 
1926 
1927 
1928 
1929 
Avg. 
1926 
1927 
1928 
1929 
Avg. 
1928 
1929 
Avg. 
1925 
1926 
1927 
1928 
1929 
Avg. 
1925 
1926 
1927 
1928 
1929 
Avg. 
1925 
1926 
1927 
1928 
1929 
Avg. 
1924 
1925 
1926 
1927 
1928 
1929 
Avg. 
1924 
1925 
1926 
1927 
1928 
1929 
Avg. 
1929 
1929 
1925 
1926 
1927 
1928 
1929 
Avg. 
1926 
1927 
1928 
1929 
Avg. 
1927 
1928 
1929 
Avg. 
1927 
1928 
1929 
Avg 
1929 
1929 


Kilowatt 
Hours 
Generated 


~ 17,810,000 


23,881,000 
16,407,000 
13,795,000 
15,473,250 
119,470,260 
75,520,330 
117,613,600 
153,350,333 
38,606 
57,158,400 
73,680,850 
93,998,825 
22,894,300 
34,609,800 









39,424,065 
37,873,920 
No Report 
44,486,500 
29,901,800 
37,921,571 
33,417,200 
28,866,875 
41,712,800 
31,263,600 
33,815,120 
33,417,200 
28,407,000 
41,305,000 
33,547,200 
34,169,100 
36,558,600 
46,615,200 
59,866,200 
67,684,333 
74,095,000 
No Report 
103,652,500 
70,450,000 
78,970,458 





67,684,333 
74,095,000 





72,900,000 
116,300,000 
155,590,000 
179,490,000 
133,788,000 
142,033,600 


37A and 37B Not Given Separately 


66,953,000 
90,855,465 
No Report 
112,494,780 
82,017,720 
88,080,240 


37A and 37B Not Given Separately 


59,482,800 
76,904,340 
107,169,740 
106,642,760 
69,941,620 
84,028,252 
87,779,400 
80,445,000 
8,985,984 
7,750,936 
No Report 
33,466,750 
32,354,812 
20,639,621 
18,776,000 
28,649,000 
19,449,000 
18,575,000 
21,362,250 
102,481,250 
117,378,000 
101,387,000 
113,888,332 
31,730,900 
No Report 
14,428,700 
23,079,800 
71,655,100 
114,622,000 






_ TABLE 111—Hydro-Electric Plant Operating Record—1924-29 


o 


Average 
Service 
Time 


95 
97.52 
99.40 
99.48 
97.78 
90.71 
85.42 
94 30 
96.97 
91.85 
72.60 

90 
25 
00 
90 
90 
84 


10 


67 
70 
98 
81 
61 
43 
55.03 
62.67 
67.22 
73 .07 
85.41 


78 61 
97.01 
83 .53 
88.00 
84.68 
88.32 
83.09 
86.02 
88.00 
86.70 
79.40 
84.35 
84.61 
92.84 
93.72 
93 

69 


id 
‘é 


28 
40 
50 


38 
78 
52 
40 
50 
13 
41 
97 
28 
90 
50 
85 
18 


91 
83 
80 
69 
77 
92 
04 
72 
81 
71 
64 
82 
87 
82.32 


ff. 


6 


Average 
Idle 
Time 


| 
| 
| 


— bom 


no 


bow th 


Cnn BHwurt © 


39 
99 
47 


2.00 


32 
68 
91 

98 
00 
30 
60 


5.65 


39 
16 
28 


72 
60 
50 
62 
22 


9.48 


60 
50 
87 
59 
03 
72 
10 
50 
15 
82 
68 


Or 


£0 


77.50 22.50 
89.20 10.80 
92.27 7.73 
86.23 13.77 
86.30 13.70 
81.32 18.68 
84 18 15.82 
95.91 4.09 
90.66 9.34 
74.90 25.10 
85.39 14.61 
41.32 58.68 
38.92 61.08 
88.70 11.30 
80.57 19.43 
81.11 18.89 
75.49 24.51 
81.47 18.53 
62.74 37.26 
84.38 15.62 
90.60 9.40 
92.73 7.27 
82.61 17.39 
87.50 12.50 
97.20 2.80 
53.60 46.40 
79.43 20.57 
66.83 33.17 
77.05 22.95 
71.94 28 06 
77.68 22.32 
85.76 14.24 





7 


Total 


100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 


100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 


100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 


100 
100 
100 


100 
100 


100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 


100 
100 
100 
100 
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* 9 10 1 12 ae 14 15 16 
Analysis of Idle Time Average 
Maximum Average Average Service 
Average Possible Capacity Output Demand 
Average Average Outage Average Average Service actor Factor Avail- 
Total Outage Time Reserve Demand Time ability 
Outage Time When Time Time Factor 
Time When in Not in ; a (9) 
__(9) - (10) Demand Demand (6)—(8) (5)+(9) (5) +(11) 2)x8,760 (2) x (5) (12) 
3.92 3.92 0.00 98 99.02 96.08 0.325 0.342 0.961 
1.95 1.95 0.00 0.53 99.42 98 . 05 0.436 0.447 0.980 
0.56 0.56 0.00 0.43 99.57 99.43 0.299 0.302 0.994 
0.22 0.22 0.00 0.31 99.70 99.79 0.254 0.255 0.998 
1.66 1.66 0.00 0.56 99 43 98 37 0.328 0.336 0.983 
1.49 0.27 1.22 7.80 90.98 98.51 0.682 0.752 0.997 
3.92 0.06 3.86 10.66 85.48 96.08 0.431 0.504 0.999 
1.66 0.00 1.66 4.02 94.32 98 .32 0.666 0.706 1.000 
2.14 0.52 1.62 0.89 97.49 97.86 0.875 0.903 0.995 
2.30 0.21 2.09 5.84 92.07 97.69 0.664 0.716 0.998 
1.05 0.00 1.05 26.38 72.57 98.98 0.647 0.892 1.000 
2.77 0.00 2.77 29.33 67.90 97.23 0.421 0.620 1.000 
1.91 0.00 1.91 27.85 70.24 98.10 0.534 0.756 0.100 
1.63 1.63 0.00 0.37 99 63 98 37 0.434 0.443 0.984 
2.01 0.12 1.89 16.09 82.02 97.99 0.659 0.804 0.999 
0.02 0.00 0.02 38.08 61.90 99.98 0.478 0.772 1.000 
1.47 0.00 1.47 54.69 43 .84 98.53 0.342 0.780 1.000 
1.21 0.00 1.21 43.76 55.03 98.79 0.447 0.813 1.000 
26.66 0.00 26.66 10.67 62.67 73 .34 0.488 0.779 1.000 
5.50 0.29 §.21 27.28 67.52 94.50 0.475 0.732 0.997 
3.62 1.79 1.83 23.31 74.86 96.38 0.450 0.616 0.976 
4.09 4.09 0.00 10.50 89.50 95.91 0.432 0.506 0.954 
11.01 0.00 11.01 10.38 78.61 88.99 0.506 0.644 1.000 
1.43 0.00 1.43 1.56 97.01 98.57 0.341 0.352 1.000 
5.04 1.47 3.57 11.44 85.00 94.96 0.448 0.530 0.983 
2.23 0.57 1.66 9.77 88.57 97.77 0.318 0.361 0.995 
11.56 0.00 11.56 3.76 84.68 88 44 0.27: 0.322 1.000 
2.73 0.00 2.73 8.95 88 32 97.27 0.396 0.448 1.000 
9.91 0.00 9.91 7.00 83 .09 90.09 0.297 0.358 1.000 
6.61 0.14 6.46 7.37 86.14 93.39 0.321 0.372 0.999 
2.23 0.57 1.66 9.77 88.57 97.77 0.318 0.361 0.995 
8.52 0.00 8.52 4.78 86.70 91.48 0.270 0.312 1.000 
9.77 0.00 9.77 10.83 79.40 90.23 0.390 0.490 1.000 
8.79 0.00 8.79 6.86 84.35 91.21 0.319 0.378 1.000 
7.33 0.14 7.18 8.06 84.75 92.67 0.326 0.385 0.999 
2.13 0.00 2.13 5.03 93.39 97.87 0.690 0.744 1.000 
3.04 0.00 3.04 3.2 93.72 96 .96 0.443 0.473 1.000 
2.58 0.00 2.58 4.14 93 .55 97.42 0.566 0.608 1.000 
0.85 0.03 0.82 29.75 69.43 99.15 0.552 0.797 0.999 
7.09 0.00 7.09 15.41 77.50 92.91 0.604 0.780 1.000 
"3.42 0.00 3.42 5.20 91.388 96.58 0.842 0.922 i000 
3.68 0.00 3.68 12.55 83.78 96.33 0.574 0.686 1.090 
3.76 0.01 3.75 15.75 80.52 96.24 0.643 0.796 0.999 
0.85 0.03 0.82 29.75 69.43 99.15 0.492 0.708 0.999 
7.09 0.00 7.09 15.41 77.50 92.91 0.537 0.693 1.000 
2.25 0.00 2.25 5.62 92.13 97.75 0.723 0.784 1.000 
2.02 0.00 2.02 3.57 94.41 97.98 0.789 0.836 1.000 
1.29 0.00 1.29 25.74 72.96 98.71 0.474 0.650 1.000 
2.70 0.01 2.69 16.10 81.29 97.30 0.603 0.734 0.999 
0.97 0.37 0.60 27.13 72.27 99.03 0.579 0.806 0.995 
2.90 0.00 2.90 32.60 64.50 97.10 0.531 0.823 1.000 
3.00 0.00 3.00 14.15 82.85 97.00 0.710 0.857 1.000 
2.28 0.00 2.28 10.53 87.18 97.71 0.817 0.937 1.000 
2.88 0.71 2.17 14.81 83 .03 97.13 0.611 0.742 0.992 
2.41 0.22 2.19 19.84 77.97 97.59 0.650 0.833 0.997 
05 1.05 0.00 21.45 78.55 98.95 0.546 0.705 0.988 
65 0.00 1.65 9.15 89.20 98.35 0.741 0.831 1.000 
‘5.50 ©0000 5.50 223 92.27 94.50 0915 0992 1.000 
5.14 0.14 5.00 8 63 86.37 04.86 0.699 0.776 0.998 
3.34 0.30 1.79 10.36 86.60 96.66 0.750 0.826 0.996 
‘1.29 1.29 0.00 17.39 82.61 98.71 0.431 0.530 0.984 
1.35 0.00 1.35 14.47 84.18 98.65 0.557 0.662 1.000 
1.93 0.04 1.89 2.16 95.95 98 07 0.777 0.810 0.999 
2.52 0.00 2.52 6.82 90.66 97.48 0.770 0.850 1.000 
1.95 0.00 1.95 23.15 74.90 98 05 0.507 0.677 1.000 
1.81 0.27 1.54 12.40 85.66 98.19 0.608 0.706 0.997 
17.16 0.00 17.16 41.52 41.32 82.84 0.251 0.606 1.000 
3.06 0.00 3.06 58.03 38 .92 96.95 0.230 0.590 1.000 
5.02 3.46 1.56 6.28 92.16 94.98 0.257 0.289 0.962 
2.44 2.44 0.00 16.99 83.01 97.56 0.221 0.275 0.970 
1.63 1.06 0.57 17.26 82.17 98 37 0.952 1.174 0.987 
0.06 0.03 0.02 24.45 75.53 99.94 0.923 1.223 1.000 
2.29 1.75 0.54 16.24 83 .22 97.71 0.588 0.740 0.980 
0.00 0.00 0.00 37 .26 62.74 100.00 0.171 0.27 1.000 
0.79 0.00 0.79 14.83 84.38 99.21 0.262 0.311 1.000 
0.01 0.0 0.00 9.39 90.61 99.99 0.177 0.196 0.999 
0.72 0.72 0.00 6.55 93 .45 99.28 0.170 0.183 0.993 
0.38 0.18 0.19 7.01 82.80 99.62 0.195 0.241 0.998 
11.55 6.30 5.26 0.95 93 . 80 88 45 0.439 0.502 0.933 
1.80 1.80 0.00 1.01 98.99 98.21 0.431 0.444 0.982 
3.88 3.65 0.23 42.55 57.20 96.15 0.37 0.697 0.936 
5.74 3.92 1.83 14.84 83.33 94.27 0.415 0.548 0.950 
0.00 0.00 0.00 33.17 66.83 100.00 0.362 0.542 1.000 
0.165 0.214 ee 
0.264 0.378 
0.409 0.526 1.000 
5.20 0.00 5.20 9.04 85.76 94.80 0.748 0.872 1.000 
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TABLE IV—Analysis of Hydro-Electric Plant Outage Hours—Vertical Turbine Installations 


_ eee 


Plant Index Number 1 2 
Year 1925 1928 
Ss. 9 927 9 6 s. 'g. 925 

iin — (5 mos.) 1926 1927 1928 1929 Avg.(b) (8 mos.) 1929 Avg.(b) 1924 1925 
13. General none Causes, 

(a) Ice or trash. ‘aes , bees pads Pre ‘ j ieWriws te'has tk 4 seem Bette”! eecde eh hie rw end 

(b) Floods......... ; : ; : ; ; ; ey sa ‘veeu ; , ees kas ; beaches 

(c) Penstock or canal..... ; 5 : o ; re 20.52 ‘ 15.39 


(d) Headgates or intake “i 
(e) Other general hydraulic 


23.23 11.15 oY 
(f) Total General Hydraulic. : 23.23 Ses Piutihe 0.00 11.15 20.52 15.39 0.00 0.00 
14. Water-Wheels and Auxiliaries, 
(a) Runner........ cael [fen ae GT. xxtie eee cn 373.60 786.80 
(b) Shut-off valve...... ‘a ‘ a a ‘ ee ate tin” eee 
(c) Turbine gates or needle nozzle. a oa a a Re ke ; 4.42. ; 0.88 ; 
(d) Guide bearings or main bearings ‘ MENS: 5 wis asa ewe 3.89 4.00 2.00 
(eo) Thrust beating... 20 esus.es. ‘ ‘ ; trees i os oi na ; 7 POS ; a ; ee. eres 
(f) Governor and governor system. . ; 22.67 57.95 25.92 4.20 22.15 9.05 6.20 9.89 1.00 4.00 
(g) Pressure earns or deflectors ates os : ; Dapaae et “Ut Atak bein da Ae tals . So oe Steud pale ees a 
(h) Draft tube. . » See wi - ale Rex ; : 7 dh eae. a ate CTT No ae i hee ee week eee ; 
(i) Lubrication system. . ; k \ . ; ; , 7 1.50 0.30 4.90 2.45 10.00 
(j) Vibration......... ; vate 4.40. ‘ end 0.88 ; 
(k) Seal rings. RS. ; ee ; : ye 13.63 inane 2.73 p 
(1) Inspection. oe 8.42 ‘ ; 7.00 10.00 5.80 8.60 2.80 4.40 4.30 2.00 
(m) General overhauling and replace es Sivouuas Sater sateen © eicake at Ge BOGS. ..ciws 17.70 Sie 26.6 : 
(n) Other causes. . ‘ ; To SS ETS ee Pt Pee ee niereaell Sa reuk : 
(0) Total Water-W heel...... .. 1,325.04 447.17 64.78 53.97 682.70 885.78 11.85 33.20 25.49 17.00 6.00 
15. Generator and Appurtenances, 
(a) Vibration. . : tfkwk Keces ae Rea Sites ial 3 eo Saheb ae weet i Lag ict etapa 
(b) Lubrication or oil leakage fe etna aero tad oitete : : oud i ea ; 3.00 
(c) Rotor or field . = tee é yeahh cies : Eda weave. eee ’ ; 6.06 
(d) Armature iron or ‘windings Cite. ana pt 8 ; ‘ ite bal) a ae bates ; . a Vea ‘ 
(e) Exciter and rheostats ; ae : 1.83 8.05 : 3.10 2.60 0.85 3 0.64 1.00 23.00 
(f) Ventilation system : ; rete kde. ak ea) ayaa? hele were le Sede t: ee been aan ene 
(g) Cleaning..... i oi as ei BiR- owakkss 1.60 aes siobine ion a 31.00 34.00 
(h) Inspection...... 3 ; . ya. Si nc 6 loetea eo sn ake 0.80 0.57 11.40 6.13 31.00 30.00 
(i) Other causes. ... ; ia 6p dee ee Rie aime tan airs ad 12.90 oe wath 1.30 Oe “‘esear 1.00 
5): Ss Ses eked icinw cee 0.00 5.83 8.05 8.00 16.00 7.58 9.50 12.70 13.48 63.00 91.00 
16. Total All Causes—(13+14+15) . ... 1,348.27 453.00 72.83 61.97 698.70 904.51 41.87 45.90 54.36 80.00 97.00 
17, Number of Units Covered.............. 2 2 2 2 2 2 2 2 2 1 1 
18. Average Outage Hours Per Unit........ 674.14 226.50 36.42 30.98 349.40 452.25 20.93 22.90 27.18 80.00 97.00 
a—Repairs to tail race due to pressure regulator discharge washing away concrete. e—Addition of Unit. 
b—Weighted. f—Completing Construction. 
c—Line Shaft. g—Details of outage not given. 
d—Straightening Gen. Shaft. h—Efficiency Tests. 


TABLE VI—Analysis of Hydro-Electric Plant Outage Hours—Impulse Water-Wheel Installation 


qe 


Plant Index Number 31 32 


Year 1928 
926 927 8 029 «Avg. (6 ) 19 rg. 25 
Item Cause 1 1927 192 192 Avg. (6mos.) 1929 Avg.(b) 1924 1925 1926 


13. General one Causes, 
gS <r Sal SI tO eta jxreaa 5 iat he tae ig Os Sehr Oe Cad eee Sout a edit. Sea.” 90S ald Gel 
(b) Floods......... an vile sige : ; ae , i boca 5 Sais 
(c) Penstock or can al. . 5 : 2.95 : ; ; ? 0.74 ee r : 73.00 157.00 
(d) Headgates or intake é : 
(e) Other general hydraulic Diag ; ; i Leister ; =e Pane ieee “sas 
(f) Total General Hydraulic ; = 2.95 0.00 0.00 0.00 0.74 0.00 0.00 0.00 73.00 157.00 

14. Water-Wheels and Auxiliaries, 


(a) Runner.... : 5.83 Dae. ~ sys 173.83 45.02 Te ree + oa! SOL -scta “Cents eu 

(b) Shut-off valve ; 0.58 ‘ . ation : 0.14 12.37 24.53 24.64 ies 

(c) Turbine gates or needle nozzle. es 0.93 ; 16.00 ‘ 4.23. 21.45 9.33 25.82 : Sait 

(d) Guide bearings or main bearings ; ; : “ak deta 7 ; cg eOs Cant 6.55 3.28 PT vin ek ke eee 

(e) Thrust bearing. . ; : io Kr: f : eo , . ae ¥ 

(f) Governor and governor syste m 15.33 28.53 13.10 27.27 21.06 6.50 2.47 7.73 

(g) Pressure regulator or deflectors ; 27 .06 19.70 131.55 9.50 46.95 OS sae 4.63 

Ce CE OE esac tadaw ens x : 10.15 27.15 2.50 17.00 On naeke 458i Shee 

(i) Lubrication system aa : ad a asa 7 

(j) Vibration... .. ; 

(k) Seal rings. . ae ab es ealae ‘ , bn S a si ed cet cent said 5 : 

(1) Inspection. . Finieta 62.55 140.95 84.67 45.99 83.54 9.46 66.51 42.71 7.00 1.00 

(m) General overhauling and re place: atin: .gscs ee Sede ee lx abet seaben’. -sioks Kd en ae ia4 

(n) Other causes.... : : ; Aste aig le Se Sa a aca acl e aa Wp Saad Baa pata ae dee” eae ae aie 

(o) Total Water- Wheel. . : ; 122.43 894.63 247.82 427.34 423.05 54.11 373.01 240.62 64.00 1.00 0. 0 
15. Generator and Appurtenances, 

(a) Vibration... .. 1.83 yaaa? “Ree 11.25 3.27 

(b) Lubrication or oil leakage pee atee PRR 

(c) Rotor or field. on 101.23 73.43 42.50 110.18 81.84 6.45 6.56 9.73 ; s 

(d) Armature iron or r windings sis 13.23 a ae) ake hb Ae ie. i wcemx “tae or 6.00 

(e) Exciter and rheostats........ pans ere 0.17 0.75 2.50 0.86 7 oe eax 4 paetra ay ae 

(f) Ventilation system..... a ans rae 8.00 apes 2.00 eee Fe tis ; ‘ ‘ ‘ 

(g) Cleaning......... shessesn Sena 6:30 ..- Sista j i 40.70 12.35 . ‘ 12.35 ‘ 11.00 

(h) Inspection... . se ; era 30.98 11.80 138.95 ee 45 .43 knees bctNa. i. ee Che ‘ 8.00 2.0 

(i) Other causes. . ; . tee keaee. | ahetienk.  Secheee 11.50 2.88 19.65 105.3la 72.30 Venes.. Saee . Lameae 

(j) Total Generator “+6 *- 265.24 130.25 190.25 135.43 180.29 38.45 111.87 94.38 6.00 19.00 2.01 
16. Total All Causes—(13+14+ 15) “++ 390.62 1,024.88 438.02 562.77 604.08 92.56 484.88 335.00 143.00 177.00 2.0 
17. Number of Units Covered.. . ; 3 3 3 3 3 2 2 2 1 1 1 
18. Average Outage Hours Per Unit... 130.21 341.63 146.00 187.59 201.36 46.28 242.44 167.50 143.00 177.00 2.0 
ooo 

b—Weighted. 


d—One unit 12 months, one un 
e—Tunnel inspection. 

f—New construction. 
g—Rewiring swb'd. 


a—Changes general cable. 
b—Weighted average. 
c—One unit only. 





)) 1924 1925 1926 1927 1928 1929 Avg. 1924 1925 1926 1927 1928 1929 Avg. 1926 1927 1928 1929 Avg. 


) 24.00 4.00 4.00 10.00 8.00 150.00 ..... 9 30.17 
> aid ; efor s ee ee yt ae heen oe aie i TE he a cet, ee oe 
» 0.00 6.00 0.00 24.00 0.00 0.00 4.00 4.00 10.00 8.00 150.00 0.00 9.00 30.17 0.00 0.00 0.00 14.00 3.50 
sale. vwsrea. Wa tee, eee aie Sates 0.50 65.00 ..... 16.25 
4.00 2.00 GOR es > eee 00 3.00 6.00 5.00 ne Ss 
waa ist Re RE Ska’ cance ae 100-00 sa: 23.17 a 
) 1.00 4.00 00 3=—- 11.00 17 3.00 eS aS eee 5.00 1.25 
5 OM ec a, . Fans ae ee SOY Sees EE acs +. adhe a cdek oe wakeul.. veves, ce ee 
>» 2.00 10.00 2.00 9.00 1.50 16.00 3.00 1.00 5.00 
a PR EY meee CR GEIOEL cits 5 aoe ale Te RR AY ei ce. Wee Gh, Ran Co per gal oe 
) 17.00 6.00 10.00 6.00 182.00 10.00 38.50 6.00 9.00 14.00 0.00 144.00 2.00 29.17 81.00 0.00 89.00 13.00 45.75 
3.00 145.00 230.00 83.00 1.00 77.00 Spat I I © cinco I anh sd”: cecien’: dente ede wase 
6 Se Fa cn 1.00 SS ae eee han 
£0260. 46 . OE. 4 1 Se 2S! Se CMR yg (°° Se £5 el ay x oe 
31.00 34.00 13.00 3.00 ..... 4.00 14.17 12.00 16.00 3.00 A ee Ne ey: a a 
5 8. see 18. a. oer 4.00 12.67 12.00 12.00 3.00 el oe Sia S08)... 7 a 
Be ee “i ee Fethlenn ana ems) ee BS eit Po ie a Oe MS ee Se oe 1.00 0.25 
8 63.00 91.00 178.00 234.00 83.00 10.00 109.84 26.00 29.00 230.00 238.00 132.00 8.00 110.50 0.00 0.00 0.00 1.00 0.25 
6 80.00 97.00 188.00 264.00 265.00 20.00 152.33 36.00 48.00 252.00 388.00 276.00 19.00 169.83 81.00 0.00 89.00 28 .00 49 50 
1 1 1 1 1 1 1 1 1 1 1 1 1 1 2 2 2 2 2 
8 80.00 97.00 188.00 264.00 265.00 20.00 132.33 36.00 48.00 252.00 388.00 276.00 19.00 169.83 40.50 0.00 45.00 14.00 24.75 
of Unit. i—All inspections and overhauling during scheduled idle hours. 
ig Construction. j—Rewinding Gen. Damaged March 12, 1928. 
| outage not given. k—Gen. Switch. 
r Tests. *—Scroll Case. 
#—Demolished March 12, 1928. 
33 34 35A 
(No report 1927) 
24 1925 1926 1927 1928 1929 Avg. 1925 1926 1928 1929 Avg. 1926 1927 1928 1929 Avg. 1926 1927 
I A AOR | ee Se a ae kn eh cee ee ee pte Oe eRe, Seek i 
: Ais Oc Salata = chenk . epee arene 30.00 7.50 ea) °) Set) Saale ee a 
00 157.00 ..... 117.00 84.00 SiGe SOE SOBER: sins) Sask, 51.50 Se ea ne + SN, Ses, WL ea aaa 
he tes ae sce 800.00 133.33 oe aC j 
= EN Toe Bee dt heh: oe a Rl AEE te ee ECD, on 2 Ge See oo ae es. 143.00 36.42 1.33 
00 157.00... 117.00 64.00 2,041.00 412.00 206. 30.00 8.00 61.00 2.67 0.00 0.00 143.00 36.42 1.33 
00 35.08 32.00... Wiel SBT a cain weg OE Al ie ce 320.00 89.33 18.67 387 
eo 53.00 SEOME oi 3 cates.” eat Sat) ae 
oT eer 69.00 13.50 70.50 66.00 25.00 2.36 56.00... 2. 95.00 19.00 41.00 25.00 5 
Re gv ees we.36. ~ ..73: SO Oe C0 GEAR hocke  ecacs (iG cad WcGG: ce ae 
So Ne ee ee ee Sayin. Th e,3 "4.00 1.00 
106.50) =54.08 cs: NE ie AO Sec ee as 4 weden 
= wc A GM ae en 
00 =: 1.00 oan) C66 130 Shor BGR) eo. Se aaa "3.00 10.00 seine O58. (40s 
ta 83.00 13.83 meee leas’ 600.00 140.00 185.00 29.33 900.00 168.00 aces 274.33 14.67 331. 
ae. ; a 


00 1.00 0.00 12.00 0.00 288.00 60.83 358.50 236.00 905.00 168.00 416.88 130.00 903.00 419.00 343.00 448.74 65.00 729.00 


ae ies xs need sae ees Seian one ce dRa58 pins aa ian aera bakes Sates einihaes 
‘ 27.00 333.00 300.00 62.00 180.50. ..... 18.00 ee aches 
00 a - enene... «akan SO. en wan 125.00 a 1,090.00 1,250.00 585.00 
aioe 2.00 15.00 76.00 10. 25.75 226.00 15.00 mais wake 60.25 113.00 
11.00 ‘2.00 2.17 10.00 60.00 50.00 :.... 30.00 29.33 ack gale Bot ate 0 7.33 14.67 
8.00 2.00 Lt tS aoe 1.67 30.50 32.00 22.00 “ee 21.12 2.67 oa 0.67 Si 
eke tind en , 22.00 4.00 4.33 Sacra ce 50.00 : 12.50 rg beh ee 60.00 ee 15.00 anal ada 
00 19.00 2.00 0.00 22.00 6.00 9.17 69.50 480.00 998.00 75.00 405.62 258.00 1,123.00 60.00 1,250.00 672.75 129.00 0 
00 177.00 2.00 129.00 106.00 2,335.00 482.00 634.00 716.001,933.00 251.00 883.50 391.00 2,026.00 479.00 1,736.00 1,157.91 195.00 746. 
1 1 1 1 1 1 2 2 2 2 2 2 2 2 2 2 1 1 
00 177.00 2.00 129.00 106.00 2,335.00 482.00 317.00 358.00 967.00 125.00 441.75 195.00 1,013.00 240.00 868 .00 578.96 195.00 746. 
it 12 months, one unit 9 months. h—Changes for efficiency tests. 
inspection. i—Efficiency tests. 
nstruction. j—Completing construction. 
ig swb'd. k—Changes to increase efficiency. 


*—All inspections and overhauling during scheduled idle hours. 








8 1929 Avg 

9.00 30.17 

00 0.00 9.00 30.17 

Sete 0.50 

. £08 -S50 

».Ge _sians 23.17 

00 1.00 1.50 

"1.50 

144.00 2.00 29.17 

102.00 :.... 94.00 

1.00 0.17 

a San 

4.00 5.83 

— *. 

ce 5.00 

132.00 8.00 110.50 

276.00 19.00 169.83 
1 1 1 

276.00 19.00 169.83 








ring scheduled idle hours. 
12, 1928, 


1926 1927 
0.00 0.00 
Sa) ..... 
16.00 

81.00 0.00 
‘0.00 «0.00 
81.00 0.00 

2 2 

40.50 0.00 


35A 
\vg. 1926 1927 1928 
0 tees ees 
50 PE gee 
2.00 2.67 sy is 
00 2.67 0.00 0.00 
37.33 a 
aie 
38 © 50.00 95.00 
38 stan’ 146.00 
Seq tttts teees as 
12 
62 13.33 "3.00 10.00 
00 29 .33 900.00 168.00 
BS . owe <e teens 
88 130.00 903.00 419. 
50 Sia! cee: 
00 1,090.00 
75 226.00 15.00 
00 29.33 Be og 
12 2.67 
50 60.00 
62 258.00 1,123.00 60.00 
50 391.00 2,026.00 479.00 
2 2 2 
75 195.00 1,013.00 240.00 


during scheduled idle hours. 


1928 


578. 


35B 
1926 1927 1928 1929 
ate ee Se. Sane 
“ee PR Se 
1.33 17.00 746.00 0.00 
18.67 387.00 70.00 740.00 
25.00 5.00 (8.00 (2.00 
reo is "2.00 
6.67 6.00 16.00 3.00 
ae Me sc u.. ” ska 
65.00 729.00 94.00 747.00 
113.00 
Rtn dese, eo ee 
1.33 = 
Se a 18.00 23.00 
129.00 0.00 18.00 23.00 
195.00 746.00 858.00 770.00 
1 1 1 1 
195.00 746.00 858.00 770.00 


1928 : 
Avg. (6mos.) 1929 Avg.(b) 
196.75 =... 72.00 36.00 
0.33 ee oe in a 
191.08 0.00 72.00 36.00 
eS dcak- Oo 
10.00 20.00 24.00 32.00 
..... 62.00 160.00 142.00 
aot! Jeneae 10.00 5.00 
MM eave eee. aon 
2 er oy 
a econ 
408.76 82.00 194.00 179.00 
aaa ME - Avene. Dee 
RO ints tee eee 
"3.67 s Vceul alee 
GD ts cca ike Ou eee 
“Tse pa peat ee 
42.50 12.00 06.00 12.00 
642.34 94.00 266.00 227.00 
1 1 1 1 
642.34 94.00 266.00 227.00 





6 

1929 Avg. 1926 1927 1928 1929 Avg. 1924 
-ockh > SERENE) aawane | Sones = ea eee eae 17.00 
ahaa SM) 53... Sea ER ee ae 
16.00 BBO S280 Oia ooo. eine dates ee 
14.00 3.50 1,256.00 0.00 0.00 198.00 363.50 17.00 
16 TRE ccs ©. take atabiees / aeuaeee eee 659.00 
REISS AS $0 SO 112.30 - 2 Gan 
co CG sents Gale 24.00 6.00 ..... 
SD. avi Takes 2.00 98.00 
5.00 “1.25 3 4S .... eee 
; = 118.00 696.00 ..... 203.50 32.00 
Rick: wie oo .~cs. ae <vsa- aaa 
7.00 23.25 17.00 3.00 5.00 35.00 
Saou aN tnx GOD Sranns axe SOROD -ansk 
GR kak, hae BaD. Anes 0.75 "7.00 
rita. aaa PEE ry mR 
13.00 45.75 8.00 734.00 724.00 32.00 379.00 854.00 
west senna MRD” ciescn een ee oe 
ive al Sele 6.0 - ..i.5) en. TS ee 
eaten: > (elas Daas 5 MOOS aati 
pte addons SAD cesnc ) ccsai’ ‘nusg ieee cites 
paint Techie. akimsio.  agkukewr eon alee ne 6.00 
"1.00 0.25 sill> . dukes aes sn ake oa 
1.00 0.25 399.00 40.00 72.00 25.00 134.00 6.00 
8.00 49.50 1,663.00 774.00 814.00 255.00 876.50 877.00 

2 2 3 3 3 3 3 3 
14.00 24.75 554.33 258.00 271.00 85.00 292.17 292.33 


1925 


.62 


74.81 


7 
1926 1927 1928 1929 
10.50 19.00 8.00 1.80 
10.50 19.00 8.00 1.80 
OWE. icke eth anes 
veees 1,00 157,00 336,00 
suis Cini ae 58.00 101.00 
SWS gala otyns 1,50 
Se £4. 
veeee 13.00 "6.00 “4.80 
ah Ore "2.00 
a are ites 
ING Sn ite eke 
513.75 34.00 221.00 473.30 
tees 150.00 242.70 
a, 200 20er° Sece 
0.00 7.00 170.00 640.50 
524.25 60.00 399.00 1,115.60 

3 3 3 3 

174.75 20.00 133.00 371.90 


36A 
(No Report 1927) 


1926 1928 
889.50 ..... 
889.50 0.00 

wah. § 520.00 
S08 “veces 
20.44 23.00 
$a Cane 
13.64 8.00 
i714 "4.00 
296.50 ..... 
351.86 555.00 
0.42 5.00 
‘1... ~~ 40.00 
‘0.42 45.00 
1,241.78 600.00 
2 2 
620.89 300.00 


1929 Avg. 


sings” een 


8.00 224.37 

331.00 213.22 
he 0.69 
49.00 30.80 
pane 2.30 
12.00 23.90 
34.00 18.44 
36.00 14.28 
eoees 74.12 
ea 0.23 

462.00 377.98 
pecae a 
ieee ee 

126.00 41.50 
48.00 12.00 

174.00 56.50 

644.00 658.85 
2 2 


322.00 329.42 


——  ___—_———_—_—_——————————————————————————————————————————————————————————————————————————————————————————————————— ———————————————————eeS 


Avg. 


1924 1925 
0.00 0.00 
2.00 16.00 
"0.20 aka 
a 

4.00 
‘2.20 622.50 
ee ee 
0.00 9.50 
2.20 632.00 

1 1 

2.20 632.00 


36 
1926 1927 
445.35 32.00 
445.35 32.00 
"0.98 150.00 
10.23 5.00 
"1.09 10.00 
SO eens « 
MOS’ 99s ops 
SSR i 0 
175.74 165.00 
eee ee 
‘0.21 0.00 
621.30 197.00 
i 1 
621.30 197.00 





1924 1925 1926 
0.00 0.00 (0.00 

2,00 16.00 
Po” opens “*.* , .* paw ee 
0.20 3.25 
. eg at epee 
4.00 Bs 
cna, eos 1.00 
aca 600.00 ..... 
: 2.20 622.50 4.25 
Pee ae eke? ae 
See Ea 
pe aR a oe 
1 0.00 9.50 6.50 
2.20 632.00 10.75 

i 1 i 
2.20 632.00 10.75 
36B 

5 1926 1927 1928 

. 445.35 32.00 
0 445.35 32.00 0.00 
Eo as eee 
‘ia. ot eee 
9 10.23 5.00 8.00 
cee aenae 
45> 20... :..: 
DW eae: * senes 
a) eels 
5 RR alls ack 
* bt PP ea ae 
5 175.74 165.00 29.00 
eR a 
aes: oe 
CP Ce eee a ar 
eel oe ak eae 60.00 
% 0.21 0.00 148.00 


1 1 1 


91 621.30 197.00 177.00 113.00 236. 


eeeee 


621.30 197.00 177.00 113.00 236. 


1 


1928 


“1.00 
10.00 
11.00 
210.00 


210.00 


1 


9 
(No Report 1925) 

1929 Avg 1924 1926 1927 1928 1929 Avg 1924 
WM. inns: 29.00 ee < aasee 15.00 391.90 
ee waa ota xepaan. > ww eed * Sheree 

winnie 240.00 a can S4 + iat Goin 48 .00 23.77 
0.00 0.00 296 .00 0.00 29.00 14.00 0.00 67.80 415. 
bane 688 .50 noes 97.00 108 .00 899 .00 358.50 awa’ 
124.90 4.47 ee | suse 212.00 76.27 164.42 
iaeek. = Sabon wea ere 25.00 94.00 23.80 aren 
6.83 613.10 13.65 12.00 43.00 5.00 See cerns 
BiGe~ ). dives iweae | ghaeas> ©. eMees 35.00 7.00 44.73 
0.91 Bem. sae 6.0.08 15.00 See, «~~ sabes 6.86 éaata 
SRL See a eae sk” weit ® = 3 cman 4.00 Oe Laan se 
3.68 Bee wade 16.00 A eee 10.82 373.05 
1.00 pe GRCEE ~ aden. Wiese Casabs OD 
"9.66 Scie aa oa «3 ‘i * aa Beta) ze 
0.17 Ob. teens 72.00 a5. 16.00 mee S sadn 
dhe eet.” ceeeee 688 .48 re otee's 53.00 148 .30 aanwe 
ito, Saaaee GN Sens a dome Se: | ake ais Seer... ten cies 
0.00 159.66 2,620.10 718.75 252.00 229.00 1,318.00 1,027.57 582.20 
Sa hit et Panae ke acorknc > * cael ie 82.00 16.40 eaeae 
ca SOP iae”. asciea pS as 5.00 ee sine 
1.08 NEES news, keen 224.00 2,319.00d Se. -> -4e nA 
taaee i fh Eee. Boos. 1,337 .00 Erd 267 .40 Sana 
a ae 4.00 meee 0.80 an aon 
ele baa ded oie Bee. oxen — © Steuie's 1.00 eee EW antee 
0.17 1,001.00 ..... 65.00 75.00 250.00 yer 
eT i Fy ae ee 25.00 20.00 iaces 9.00 

seal 3.58 48.00 teil nha 59.00 6.00 22.60 to aida 

0.00 4.83 1,670.80 2.73 124.00 1,719.00 2,663.00 1,235.91 0.00 

0.00 164.49 4,586.90 721.48 405.00 1,962.00 3,981.00 2,331.28 997.87 

1 1 3 3 3 3 3 3 1 
0.00 164.49 1,528.97 240.49 135.00 654.00 1,327.00 777.10 997.87 
36C 37A 
(No Report 1927) 
1925 
(7 mos.) 1926 1927 1928 1929 Avg.(b) 1924 1925 1926 1928 
ive” . aaehe ; baw. | eee. newes SL. ances 
74.38 isis NM p= SIG Er aca? * male 
peed... -dhhhi..| eaablel caw eee i aneme 8.10 oid ee yae nena 

[ae encase olan . Saas... ate ate nt. wenwe., ‘dane 

14.38 74.38 0.00 0.00 0.00 19.79 28.80 43.47 11.03 0.00 

— Sr R.A ot ot ee as 2 

+ ak wll 139.35 170.00 8.00 eses's 63.47 wake 3.00 18.72 10.00 

13.68 3.50 Reve eens 12.00 11.39 jute te 38.27 17.92 50.00 

1.87 AG “ete s. "fac can Weeds 1.98 Se Nwdsant/ cuksitd” ieee 

‘0.18 1.50 10.00 11.00 4.56 (7.00 9.48 5.25 2.00 

oem) Yasaee 7.00 we ene RS * aes eee? “ances | pence 

18.15 6.78 ..... 16.00 5.00 11.78 143.10 48.92 33.00 

eceoe 14.22 aiid seus ceune 2.84 wounds Coase dee eens 

avon 4.32 kwda ae whe wale 0.86 6.70 rece 47.42 43 .00 

33.88 179.76 263.00 61.00 28.00 117.9% 173.60 104.07 89.31 850.00 

, tas’ ae she eee ae 1.20 ..... 150.00 57.00 

. ‘v.4e. See 31.60 576.40 Dan” ‘ates «tans 

0.75 oonad ' waene i ar 1.90 aawas ae den 

» kane’ we a et aa ee i 

Kalle dn echcaa a one 60.00 4.00 12.80 214.50 ae ee 40.00 13.00 
a os Pe re eee 0.60 pie anh) reas 26.00 

0.75 0.00 0.00 140.00 224.00 73.05 795.50 36.15 190.00 116.00 

49.01 254.14 263.00 201.00 252.00 210.80 997.90 183.69 290.34 966.00 

1 1 1 1 1 1 2 2 2 2 

49.01 254.14 263.00 201.00 252.00 210.80 498.95 91.85 145.17 483.00 


1925 1926 
0.00 0.00 
5 "6.05 
ee 4.70 
At 7.35 
ant 2.47 
Se cede 
31.60 1.00 
niaee See 
650 eens 
ciate 542.98 
C0090... av: 
209.30 592.43 
"5.70 1.67 
5.70 1.67 
215.00 594.10 
1 1 
215.00 594.10 
1929 Avg 
wed 2.21 
cia. oe 
f 1.62 
af 8.69 
0.00 16 .66 
184.00 179.20 
Boe 6.34 
40.00 29.24 
ee 3.36 
64.00 17.55 
ee 0.89 
38.00 52.60 
79.00f 35.22 
405.00 324.40 
"8.00 43.24 
254.00 172.93 
paca 0.38 
140.00 32.56 
60.00 65.50 
33.00¢ 11.92 
495.00 326.53 
900.00 667.59 
2 2 


450.00 333. 





10A 


1927 


5.00 
5.00 


‘2.00 


15.00* 
7 


30.00 
34.00 
151.00 
i 
151.00 


1924(c 


"1.10 
"0.80 


63.60 


66.40 
130.00 
723.90 


723.90 


) 


1928 


208 . 
208. 


243 


1 
.00 


243 


1925(d) 


ww 


Q 


48 


193.5 


3s: : 


00 


00 


.00 


00 
00 
00 
00 


50 
32 


1929 Avg. 
5.00 
65 31 
‘dite 38 63 
0.00 108.94 
50.00 35.77 
1.01 
8.28 
12.85 
1.58 
6.22 
67.61 
“4.00 5.31 
13.00 3.27 
ae OO SB 
cant. ee Ae 
67.00 257.47 
“a "0.66 
8.00 1.33 
2.00 0.33 
2.40 
56.00 16.83 
6.00 2.00 
250.00e 41.67 
322.00 65.22 
389.00 431.65 
1 1 


389.00 431.65 


1 


11 


14 


48.7 


26 


89 


0 


85 
30 


135 
235 


117 


926 


03 


96 


37B 


1 


31 


30 .00e 


61 


20 


338 


169 


927 


00 


00 


00 


00 


00 
00 
00 
00 


00 
00 


00 






10H 


1929 W 
(7 mos.) ( 


1928 


78 
67 


210. 
442. 


221 
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10A 10B il 12A 
1929 Weighted 
Avg. 1924 1925 1926 1927 1928 1929 Avg. (7 mos.) (12 mos.) 1924 1925 1926 1927 1928 1929 Avg. 1926 1927 1928 1929 Avg 
30.00 Sere ae 5.00 5 i » het BORE hia st Sieh val eee Up ea eke Bee Re! we san) i N eee a ee ekee Uh awe a 
15.00 391.90 : ‘ bs ried ape 65.31 wae 3.438 ven Sara 9.65: 23.0 2.0 B3t.00.° 23:03 Tue 2 sense meee ot. cule 1.% 
4.80 wins ; iti ee el js ete eas seas visa So eee Ce ee eT ee ae. yr ee ye ee Sf ey ee oe eS ck 0.: 
48 .00 23.77 _ a) ohh eae? eens Le >. panne a 38.63 ae ceres wee ee eewas - bee ees” Spee ol eee te eee Oe Snes. 1 nen tes eee OC a Sl ae wes. 
67.80 415.67 0.00 0.00 30.00 208.00 0.00 108.94 9.00 15.43 15.52 0.00 9.65 23.00 79.00 27.00 25.70 8.74 0.00 0.00 0.00 aul 
SSB.9R. 2 daeck.  Sbeck) Rhone - cocce. > eta laa 3.00 5.86: + -Saens C298 cee SOOO Sate 16.32 SE ee Sucks - ee a, etal 3. 
SO.20 “QUES \catec meses 50.00 35.77 298 .00 ens 192.43 115.07 Daaee” « Pate Ceca 41.62 13 
23.80 : 6.05 ba . RW, ee cce cece de  ~ L iee ude, Spee mchte Sante tiemitie Rey Seka ern UY iy mei ST es ae 2. 
137.35 ate ‘ i 4.70 45.00 sank phen 8.28 ae ‘nie! (f Copan angee Mare ate yes Se kee ee 7.62 24.65 3.37 8.47 67.71 26.1 
7.00 44.73 . 7.35 Ea Csi ns swreatl 12.85 eS ae BO AO 7:5 Rien. ct amass Se FS ee oe ee sane SF See 953.69 239 .{ 
6.86 tires ea a 2.47 s 7.00 aes 1.58 9.00 15.43 , 1.68 ee ae ee 1.00 5.35 20.55 31.43 17.33 35.92 36.. 
0.80 ens Se | eta kee ; pole onus ee hee a 40a oon le Bs a at eee oe ee 10.20 5.83 3.50 Sia. ade 4. 
10.82 373.05 31.60 1.00 od , eas 67.61 eden ‘ i Ada 6's, Vnche bee Se - aavnn Soeees Re De Oe EA ies eee ee 
103.63 ae Lick! — vsawes sg oe eee ee Fsbo, - Peo Boe Bate ie Sead. eee aed 0.24 223.62 77.28 27.90 67.85 99 
: ; See Satan 27.88 : ee 4.00 5.31 ts Be , Se stke coeet) creas.” de eae! andes” qwiawaded- Cee eeriae tf pee) baeeer. (sete foo bas 
; =: ie eee oa ee. tae) Guy ce > pea Mee sale O00: 15.68 seedy. Sassen SS peinsae bye Len ee eee 6.23 Dae ot, “shee tO eae 3.! 
29.68 ; : CAP. <r iaes 2.00 eas 13.00 3.27 9.00 15.43 BPE cine aes) Leeaa Sue Secan ce nis ss he 1.72 8.71 8.00 4.1 
148.30 bea y, kee 542.98 i Si iano ee: Oe oo pike. ae Stas 17.37 ale eae as: ak! gaan ‘i Beh B®, DS oy re 1,137.3 
124.56 a ate a UG Are cet ieel if re eres 25.14 G:GD 10.20 «RR i co et ia ha eenleek ee he “oacee OBIE vue é2% uae Oe ee ae 59.. 
1,027.57 582.20 209.30 592.43 87.00 7.00 67.00 257.47 36.00 61.72 4,318.00 69.28 238.92 294.00 385.00 1.00 884.30 2,550.07 354.78 2,394.34 1,174.79 1,618.! 
16.40 pis vec ib *, eee se eau wee ope ee ccese) 86 | A beef stesee. Mbekhe.. / eectee -& Bees nase eee ee tee eee ee ee ore eee |S 
130.84 <a ee isa cee 4.00 i baer ¢ 0.66 me : ee eee Ore i anes 60.00 en er: etary tied oo 3) Pee RGeam’ = ues a 
509 .92 wa. sim hede ahaa al & ; ; 8.00 1.33 2.00 3.43 36.00 ches 56.68 “ekae Smuts eutnn 15.45 35.68 9.83 ciag ss ahliie 11.. 
267.40 akc, toe pam aie aw ice ase ae is 2.00 0.33 wt ‘ oat Se as ere ieex. aes et Satan 2 RP ss See 18.00 8.. 
0.80 er 5.70 1.67 sida 7.00 ee 2.40 “ee Pies rey pakke’. ath kee ae des es ay oe 3.92 16.23 25.53 4.37 12.. 
0.75 oh ae peas eae) ee ee aaece Saw iats ek his fatstn rr yi Soles bea 6.87 aa. - «hue 4.70 3.) 
278.20 ne pal ark phi 30.00 15.00 56.00 Pens Loess ix en a's oth bunk 94.00 rie te a 15.67 alten’ ethion ee on weaken 1. 
9.00 AEA > ieee ome ; d 6.00 6.00 2.00 11.00 18.86 ee musk ite. eines capae Veni e:  SER wae ere Beto was 4.07 Be 
22.60 3 Nanean a Gao. 5 pa 250.00e 41.67 149.00f 255.43 _........ 1.77 6 Sista. -| "ea maT eee tiie eee oS canon et aca 2.00 0. 
1,235.91 0.00 5.70 1.67 34.00 28.00 322.00 65.22 162.00 277.72 36.00 1.77 56.68 94.00 60.00 0.00 41.41 62.02 27.33 32.05 33.14 38. 
2,331.28 997.87 215.00 594.10 151.00 243.00 389.00 431.65 207.00 354.87 4,369.52 71.05 305.25 411.00 524.00 28.00 954.45 2,620.83 382.11 2,427.30 1,207.93 1,659. 


3 1 1 1 1 1 1 1 1 1 2 2 2 2 2 2 2 4 4 4 4 4 
777.10 =997.87 215.00 594.10 151.00 243.00 389.00 431.65 207.00 354.87 2,184.76 35.53 152.63 205.50 262.00 14.00 475.73 655.21 95.53 606 .60 302.00 414. 


37A 37B 37C 37D 38 39 
No Report 1927) (No Report 1927) 

1926 1928 1929 Avg. 1924(c) 1925(d) 1926 1927 1928 1929 Avg.(b) 1929 1929 1925 1926 1928 1929 Avg. 1926 1927 1928 1929 
et ee acs (S38 “oct -o . cence, AUB. a aen” | wcipeiten © gla 2 eee eigen a ernie a nl eRe non, ee 
De ee ee, Anas 6 44 SRR 2 ae ee ee .. 172.50 11.00 11 yién 2. eee... | Sa SOREN ss Be a oe Sy taed 
1.62 9.00 eis Oe kus eae oe eee OMe Sc Shae FiO fee See oi. oF aed 
Cae ss 3-95 ".  30/00e S95: - beck) cook. Mca e: ens CAREC Rice ene ae em pane ate cs 
7 11.03 0.00 0.00 16.66 524.00 3.95 11.03 61.00 5.00 0.00 188.25 il il 876.30 728.08 0.00 0.00 401.10 0.00 67.23 0.00 0.00 
ae 712.00 184.00 179.20 each pease ee oes  ESGC ic. < Se ee ee. ee aes. 2 ee 
i872 eres “<= eterno 23.00 Oth. ee MOD on aaa ak Pee ee ae hy Sp oe 

17.92 50.00 40.00 29.24 |.... 58.88 48.73 20.00 18.00 24.00 29.67 Sh oe. es 0.20 186.00 ..... Seat oe 
: Srinath Lo See ee cae ae vans 2: 0.37 UME sinc. cadse net. ae eee Ne Peet seep 
is 5.25 (2.00 64.00 17.55 0.80 23.43 :.... 18.00 24.00 40.00 18.40 26.00 23.00 ace i Sea Se I oc ea 
SD Ste eee es Se oc 700 14.00 20.00 7.26 ceois 6.00 WOO ican) See ee SW, Seiad edhe aliens oes 
eee ae oes es OO. 3 Sé oe cea ee soon eae Raa crete aba Se Sebi spire, nari Ss Eee. hi are Ae See MR LT" * 
33.00 38.00 52.60 68.00 52.53 10.00 25.00 36.00 44.51 15.00 15.00 si buho:' babe Re peg MCN Sear oes ol. ee ar a 
ce cae. Choate ets Roe oe ee here oa sacee MORAN FE once, WR > Serek’ coscewm — hateie® .weealreeer ee aoe eee) ae ae ee 
47.42 43100 79.00f 35.22 °| 4.50 26.17 5.00 52.00 40.0% 21.38 68.60 cc abe e. em eee et ee at eee eee oe pated 
17 89.31 850.00 405.00 324.40 69.90 141.32 89.13 277.00 227.00 160.00 175.75 1,418.00 168.00 665.10 26.83 200.00 20.00 227.98 0.00 2.18 1.20 3.20 


150.00 57.00 8.00 43.24 63.60 ..... 20.00 ...:: (3.00 8.00 26.37 ‘3.00 4.00 10:06. ORs ee eS ee oun aces, oe 

So enews hens 954.00 172.93 ..... S088 2.3. cecce’! teats Meet Aen ween oO ose bee we 4: ORaeeS alee. asc (aa 59.90 

0 . 0.38 1.90 0:36. oe aa Sedan Bee ee i ae ie ee ee 

20:00 140.00 32.56 |... ee ce a aces oe 78.00 117.00 46.79 | ect no eae OM. relies BOB: . ces I ioee ro onacaet ee 

40.00 13.00 60.00 65.50 66.40 9.58 30.00 ..... 67.00 54.00 49.12 5.00 5.00 OI Aas The Edens "FES TS a pe" 

26.00 33.00¢ 11.92 ..... 1M ae 62.00 3.00 11.69 66:00) 80: G00 “SistO. 0488 Lees EAE i amen RE wth? 

=5 190.00 116.00 495.00 326.53 130.00 48.23 135.75 0.00 210.00 182.00 140.47 74.00 89.00 219.20 99.95 372.00 0.00 172.79 0.00 0.00 0.00 59.90 

19 290.34 966.00 900.00 667.59 723.90 193.50 235.91 338.00 442.00 342.00 504.47 1,503.00 268.00 1,760.60 854.86 572.00 20.00 801.87 ..... 69.41 1.20 63.10 
2 2 2 2 1 2 2 2 2 2 2 1 1 4 4 4 4 4 1 1 1 1 

55 )6©:145.17 483.00 450.00 333.80 723.90 96.75 117.96 169.00 221.00 171.00 252.23 1,503.00 268.00 440.15 213.72 143.00 5.00 200.47 0.00 69.41 1.20 63.10 





12B 13 144 15 Plant Index Number 
(No Report 1928) 
1927 Avg. Year 
1929 Avg. 1926 1927 1928 1929 Avg. (6 mos.) 1928 1929 Avg. b SOE 5) a epae 1929 (1 Year) 1929 sic Pua 
13. General Hydraulic Causes, 
LN Mis 6 el! cae ig eo ele bas 5 Ce Ree eee ee ab Cae, F Fae ee we Latte” § Sao eee be aes aeaes ieia wie nes. 4 as (a) Ice or trash... 
i ante GST a eC) tine ae aaa te asiens aaaies oie ‘Rvs Wis Fatal 5 bles ane oe iets Sans (b) Floods. .... 
Se csaae 13.32 Pay ss ots Fee B.S Savees ‘ecus.. ae 580.00 “ekan ely er 5.00 (c) Penstock or canal. 
0.25 Sie sein 8 patti alts SiGe GRO  - delewe paaose 65.00 ee a Mews (d) Headgates or intake 
i ite”. SO NCAT. (A ii tae eek ee sia eae eo waneraia yee ee Pp PF : a sad (e) Other general hydraulic 
0.00 2.18 8.00 13.32 0.00 0.00 5.33 65.00 0.00 1,160.00 645 .00 0.00 yr 0.00 Beda 5.00 (f) Total General Hydraulic 
14. Water-Wheels and Auxiliaries, 
tere 3.00 3.57 Kame ire Ug otéad 0.89 oy as a nears jaws < dewats ; (a) Runner...... 
41.62 13.33 3.18 7.07 6.75 4.25 ee irs ila el th aeeebel a. Paae se awe —, (b) Shut-off valve. ; 
geche 2.62 8.08 5.80 14.42 6.00 8.58 ee 4.00 15.00 9.50 Arce . 4 Ae (c) Turbine gates or needle nozzle 
67.71 26.05 1.88 2.03 2.55 21.50 6.99 patel 3.00 onan 1.50 er ‘ ; or 632.00 (d) Guide bearings or main bearings 
953.69 Ff aa a «0 RP Pe oe ee weeen Se >. > levee 2.50 oie ‘ re (e) Thrust bearing. . . 
35.92 36.31 5.13 10.90 1.08 7.93 iar aes se 65 .00 32.50 e4 : 10.00 (f) Governor and governor sy ystem. . 
oe 4.63 A 889.00 1,173.00 1,475.50 2 ae oie ' (g) Pressure regulator or deflectors 
<a Ba? 5 caine: eee mele 4 eee eee eeu hs ie pe whine ite Sass ee ile tad aes aa we a : (h) Draft tube........ 
67.85 99.16 2.70 34.65 5.388 14.93 14.54 aoe adh pak aa 2.00 1.00 tee 7 = (i) Lubrication system 
ioe ty NeEREe: eaten Sez ak > Wes ines Jats ius Ete Pre sai : (j) Vibration... 
mate 2.51 ane san as ate Fa i ouaen tated ah ats date Bas ‘ : pea (k) Seal rings : 
8.00 4.61 hun eer e er ay os bs 36.00 4.00 20.00 seus hao o 3.00 () inspection........ 
een RE ere cae a3 pant cae Samer eoaee 380.00 190.00 iaos a (m) General overhauling and re place ment 
ads 59 .36 apie coces Maaests ae ised 46.28 ae pied oy ata haw cae hadi aewines ee (n) Other causes........ 
1,174.79 1,618.50 24.54 60.45 209.06 57.11 87.79 889.00 1,286.00 401.00 1,732.50 eee” - sees Caer sa0e 645 .00 (o) Total Water-Wheel. . 
15. Generator and Appurtenances, 
eieaa eo aaa es . - - a (a) Vibration........... 
a het a ae ; jake “ae yang ae cn ae >) Mabidintd nae ae omnes na wed dees (b) Lubrication or oil leakage 
cs 11.38 2.25 15.52 vs ten 4.44 ars 80.00 wees 40.00 — Sat. ee ah. toa od 1.00 (c) Rotor or field ke es 
18.00 Paes eae pe » eine ae ee 6.00 3.00 wena pees ec Gene - 5. Shaws (d) Armature iron or windings 
4.37 12.51 14.40 15.17 16.51 DS aan oe sie i wits a te 25 Ve va tad jeaaca ; (e) Exciter and rheostats 
4.70 3.21 ie: « SEE Ree oN. ene ‘ntle 32.00 ; ; 32.00 aa oad : (f) Ventilation system 
amie Pome 2G ae 9.42 4.00 3.36 eta hd g sae ee Roe eg eee ; oo (g) Cleaning 
4.07 1.02 8.13 Gb nie on) ee = ae tein ¢ 3.00 1.50 Ee ; eas amass ; (h) Inspection. . 
2.00 ae «tees ry S.78 sashes Ph i iene” te dee ee) hekeibet. |) eaticd ~ wees ns “ivsk” | dave es soeee 8 .00k (i) Other causes. ... 
33.14 38.64 24.78 40.11 8.70 20.51 23. 52 32.00 86 .00 3.00 76.50 0.00 582.00 582.00 9 00 (j) Total Generator 
1,207.93 1,659.32 57.32 113.88 217.76 77.62 116.64 986.00 1,372.00 1,564.00 2,454.00 0.00 582.00 582.00 699.00 16. Total All Causes—(13+14+15) 
4 4 2 2 2 2 2 2 2 2 2 2 ; 2 2 1 17. Number of Units Covered... 
302.00 414.83 28.66 56.94 108.88 38.81 58.32 493.00 686 .00 782.00 1,227.00 0.001 291.00 291.00 699.00 18. Average Outage Hours Per Unit. 
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39 40 41A 41B 42 Plant Index Number 
(No Report 1928) 
1927 





Year 
1928 1929 Avg. (10mos.) 1928 1929 Avg. (b) 1927 1929 Avg. 1929 1929 on Puen 
13. General Hydraulic Causes, 
5 wate Jeune dina aes nts volgare (a) Ice or trash......... 
baguatn hae ‘ eyes Sea ikatie a Cy Rv k.s de odace 
Pike wa bitks <tead ‘ bidet 15.70 5.23 ‘ Oe , ; 16.60 (c) Penstock or canal 
b mae, eee 16.81 tele ita ee “PP ; yaaa ‘ ; git area (d) Headgates or intake... 
civak f > eae emamk 2s ewe 6.00 0.80 2.27 Sexe ‘ ee gt ere he (e) Other general hydraulic 
0.00 0.00 16.81 0.00 6.00 16.50 7.50 4 pisces : ‘ . 16.60 (f) Total General Hydraulic. . 
14. Water-Wheels and Auxiliaries, 
eawe waeee pine 8.00 Swale 2.67 ; “a ; 132.00 (a) Rumner...... 
i. ae ¥iak xe ‘iene . wend . ‘ : > 4 Salt w (b) Shut-off valve : 
% 5 Yet rere 11.00 12.00 8.40 : ‘ a : 160.30 (c) Turbine gates or needle nozzle 
0.20 ae a 0.05 ‘ “eb : 4 ‘ ‘ : 28.90 (d) Guide bearings or main bearings 
stash — : koe enews ; ita's ery — ; ; ee (e) Thrust bearing.......... 
2.20 1.10 ee ; 1.00 0.33 ; a Oxi aoe . 43.50 (f) Governor and governor sy stem 
wks eee 15.00 : ; oui 6.00 : swe’ Seis : t (g) Pressure regulator or deflectors 
asia as ‘ : ~~ ‘ eee etwie! ” eee : ‘ P J CS ee 
vation Pitts Pee Freie. uy ee aey oatzin sau eae Sa jee. chee ee (i) Lubrication system. 
ited lieben “Urata ae ee oF) Ss “een chet afd Sie» diwa wh —e (j) Vibration. . 
os ake ret tei te oe”) eS i ec ee ieee Sida Sek ee wa ads 5 ne otha tes (k) Seal rings... 
1.00 1.00 Goee  weca< aerate 2.00 0.67 bak oaks case 140.90 Ci) Imepechiom. ...5 6026... 
os daar imaehen? oven ivan’ eta Malaieal aba eons cones ced S aca'e ae Oi (m) General overhauling and re bl icement 
sce ER vane tale wake 81.00 318.50k 133.16 pitty , 3 eal ig 36.00 (n) Other causes........ ; . 
1.20 3.20 1.65 26.00 101.00 321.50 151.23 Sees Chae? aaa ee (0) Total Water-Wheel. 
15. Generator and Agnuitetence s, 
i eS ee, oe) RTS er A eet Be cawds b eed cuaien (a) J" > Se: eee 
Besa aris ehigtinc: \iden ead: (ae eee 44 66k eee cnaies Mase Nw cate evdrs or Gta (b) Lubrication or oil leakage. 
Javvat. tie. <webia 9.00 Seen 1.50 4.10 bowie 5 ia Sac inate aa tsecs. fearae (c) Rotor or field. ........ J 
pice alt 59.90 14.97 440.00 en goose ere ada Leaded er eee kieoor =. ama (d) Armature iron or windings 
Coe oS Se Sagi ain eae cues Cs tae > aes ware Se 45 ae -aeee jaedacs (e) Exciter and rheostats. 
oe knell ee eee” o Sees deaee® > evens bo:606 tee yao Lane 3.4'on Pa ats | cdi (f) Ventilation system... 
eee ke eae sie ; . Cana . ; ‘ Se ies ; . 160.30 (g) Cleaning..... 
janes ee tes an ate tae ale achiea ; ; aek . . 302.00 (h) Inspection. . ' 
Sake. eae ee wee 396.00 51.00 ea = ; ‘ntvae ¥ era (i) Other causes. ed 
0.00 59.90 14.97 845.00 51.00 1.50 355.50 ; Fa cere .. 1,263.80 (j) Total Generator........... 
1.20 63.10 33.43 871.00 158.00 339.50 514.23 ee oat xsi -.... 1,822.00 = Total All Causes (134144 15) 
1 1 1 1 1 1 1 1 1 1 4 . Number of Units Covered 
1.20 63.10 33.43 871.00 158.00 339.50 514.23 ° ° ° 455.50 a Average Outage Hours Per Unit 
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TABLE VIII—Analysis of Hydro-electric Plant Outage Hours 


Vertical Turbines 





Horizontal Turbines 


Impulse Wheels 

























































































Wellman 
Allis Seaver 1.P. S. Morgan Allis Worth- Allis 
Pelton Chalmers Morgan Morris Smith Pelton Chalmers ington Pelton Chalmers 
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(e) Exciter and rheostats......... 1.24 0.04 0.10 0.68 2.84 0.00 
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(i) Other causes... . 23.30 1.82 0.60 11.00 8.05 0.00 
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TABLE IX—Index to Hydro-Electric Plants. 
Index W aterw heel Generator 
No Company Plant Manufacturer Manufacturer 
Vertical Turbines 
1 California Oregon Power Company. a Allis-Chalmers . Westinghouse 
2 California Oregon Power Company Prospect No. 2... a Gi: ata and Xe Genera! Electric 
3 Pacific Gas & Electric Company. . Hat Creek No. 1. Wellman-Seaver-Morgan General Electric 
+ Pacific Gas & Electric Company. Hat Creek No. 2. Well man-Seaver- Morgan General Electric 
5 Pacific Gas & Electric Company. Pit River No. 1.. Allis-Chalmers......... Allis-Chalmers 
6 Pacific Gas & Electric Company. . Pit River No. 3. WO AEs nk's < se de-c General Electric 
7 San Joaquin Light & Power Corp... Kerckhoff....... Allis-Chalmers...... Allis-Chalmers 
8 San Joaquin Light & Power Corp... . Kern Canyon..... Allis-Chalmers Allis-Chalmers 
9 Southern California Edison Company Big Creek No. 3.... Wellman-Seaver- Morgan Westinghouse 
10A Southern California Edison Company Big Creek No. 8—Unit 1. Te er a a kews one General Electric 
10B Southern California Edison Company. Big Creek No. 8—Unit 2. POR 4 5 608.00 General Electric 
11 Southern California Edison Company. Kern River No. 3. ae General Electric 
12A Great Western Power Company..... Big Bend—Units * 2, x eS I, P. Morris... General Electric 
12B Great Western Power Company... Big Bend—Units 5 & 6.. SO See General Electric 
13 Pacific Gas & Electric Company Ea ee S. Morgan Smith.... Westinghouse 
14 Bureau of Power & Light.......... San Francisquito No. 2.. Well man-Seaver- ee General Electric 
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21 California Oregon Power Company... . COI DUG BaoWeveccdeccuscws Allis-Chalmers General Electric 
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Hydraulic Plant Operating Problems* 


Due to the interest manifested last year in the report 
of the hydraulic plant operating problems committee, it 
was decided to continue the report and endeavor to bring 
out information which was omitted or briefly covered. 

These problems and comments are submitted by super- 
intendents, foremen and operators and are prompted by 
difficulties experienced in the actual operation of their 
respective plants. 

The purpose of this report is to bring to the attention 
of power plant designers and builders the problems in- 
volved in hydraulic plant operation and to formulate 
recommendations for improvements in design, manufac- 
ture and construction to help prevent the occurrence of 
operating troubles. 

Among the subjects covered are: 

Storage Reservoirs. 

Water Conduits. 

Long Distant Water Level Gages. 

Penstocks. 

Turbines. 

Draft Tubes. 

Impulse Water Wheels. 


STORAGE RESERVOIRS 


oo JBLIE was experienced with radial gates in high alti- 

tudes where the lake level varies considerably. Ice freezes 
on them and as the lake level rises the gates open. The frame 
work of the gates does not seem strong enough and if it 
was strengthened they would not perform the service for 
which they were installed. 

Gates and their control should be located so that they will 
not be covered with snow or likely to be flooded by back- 
water when discharging into a snow blocked channel. Pro- 
tection should be provided to keep ice from blocking the 
mechanism such as sleeves, over gate-stems and covers over 


gearing and oil holes. 





Removing Flash Boards 


Proper means should be provided for removing flash 
boards such as an iron pin through each end to engage a 
forked hook. The board should not have an area over three 
or four square feet in order to be easily handled by one 
man and the slots should have plenty of clearance as only 
the bearing surface prevents leakage. 

Remote Water Level Indicator— 

One of our greatest problems is to acquire a remote water 
level indicator which will successfully indicate the depth of 
water in tenths of feet over a range from zero to two 
hundred feet. 


WATER CONDUITS 
T'vash on Racks— 


Several companies report difficulties due to trash accumu- 
lating on racks. Various designs of self-cleaning racks have 
been installed but the desired satisfaction in operation has 
not been obtained. 

It is desired that the power for operating the racks bs 
upplied by the water in the canal, thus keeping the cost 
of operation low. 

If a water wheel in the canal is used it should be arranged 
o that it can be raised or lowered according to the head 


in the canal. 


I 
lic power committee, Engineering Sectior L. G. Roberts, 
chairman H. W. Bertholas, C. L. Davis, R. B. Lawton, R. D. 
Likely, P. J. Ost, R. R. Robertson, C. P. Vetter. 
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As the trash drops off of the grids it should automatically 
be carried away or a space should be provided for at least 
a twelve-hour run. 

Provision should be made for a safe method of stopping 
the rack when maintenance work is necessary. The grids 
should be assembled in small sections to facilitate their 
yemoval, which is necessary during the periods when ice and 
snow are floating. 


Clearing Ice From Canal— 

Crest type spillways, with long clear passageways, are 
well suited for sluicing snow and ice from a canal. The 
approach should avoid boils or eddy currents to use a mini- 
mum of water. 

A rough granite surface is conducive to the formation of 
side and anchor ice and the hardest to clean. Abrupt angles 
should be avoided as ice forms first in agitated water. 
Smooth surfaces following flow lines give the least amount 
of trouble. 


Trapped Air— 

Trapped air in syphons, especially where a variable head 
is carried, will invariably start “pounding” unless the water 
level at the intake portal is held within certain limits by 
throttling the syphon outlet with flash-boards, radial gates 
or otherwise. 


Sand in Penstocks— 

Considerable trouble is experienced from sand and grit 
being carried into the penstocks where unlined tunnels and 
ditches are used. 

Poor results are obtained from sand traps unless the 
velocity of the water is very low, as if the grit is in sus- 
pension it is carried over the barriers. 

In designing a sand trap the width of the channel should 
be given proper consideration. A narrow channel flushes 
out rapidly and completely and with a wide channel the 
wastage of water alone is a large item. 


LONG DISTANT WATER LEVEL GAGES 


Induction Type— 


Of the different kinds of long distant water level gages 
on the market, the position or induction type is apparently 
giving the most satisfactory service. More attention should 
be given to the location and type of control circuits, source 
of energy, insulation against freezing and adequate protec- 
tion from lightning. 


Protection for Pressure Tulbe— 

Low temperature caused the pressure tube on a water 
level gage to split. To avoid this the copper tube was cov- 
ered with a %-in. garden hose, using a water tight connec- 
tion on the ends. This formed an air space around the tube 
and no further trouble from freezing was experienced. 


PENSTOCKS—AIR VALVES 
Suggested Changes in Air Valve Construction— 


A greater clearance between valve stems and their guide 
bushings is suggested. 

A square section should be left on the end of the stem 
so that a wrench can be used for turning it. Shelters should 
be provided to prevent freezing. A reliable design places 
the air valve inside of a heated shelter providing air flaps 
to admit air if necessary. 

Automatic combination air inlet and outlet valves of the 
simplex type are giving very satisfactory service but it is 
very essential that they be of sufficient capacity in the event 
that a serious break occurs in the line. 
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Reducing Valves— 


Considerable trouble is experienced with reducing valves 
for the camp water supply on high head penstocks, on account 
of the excessive wear of the different parts. In some 
instances surges were set up and there is also the hazard 
of the supply pipe breaking or wearing out, which would at 
least make it necessary to drain the penstock. 

Camp water supplied from the afterbay, springs or a 
nearby creek, by means of a pump, is preferred because an 
economy is effected as the water used from the penstock of 
a high head plant represents a large amount of kilowatt- 
hours when a year’s total is considered. 


Grounded Control Circuit— 


An 84-in. butterfly valve, located at one plant at the surge 
chamber intake, closed due to a grounded control circuit. 
The ground detector lamps on the station control battery 
were of sufficient capacity so that when the ground was 
established on the control circuit it completed the circuit 
through the trip solenoid, thereby closing the gate. At this 
time lamp-type ground detectors were used as is common 
in many plants. 

The above hazard has been completely removed by replac- 
ing the lamp detector with the voltmeter type which takes 
less than 10 watts to energize it. 


TURBINES 


Balance of Turbine Gates— 

The proper balance of turbine gates as affecting operation 
merits consideration. 

In full atitomatic plants it is generally agreed that the 
balance be such that the wickets would close in the event 
of oil failure on the governor. 

In a plant with attendants in charge the problem changes; 
here the least wear and more satisfactory operation of the 
governor should be considered. 

In a plant where the turbine gates balance at 70 or 80 
per cent load, the turbines normally operating at less than 
50 per cent load, the governor is working under a strain 
at all times, causing additional maintenance as well as dif- 
ficult regulation. 

The impression is received that the average turbine, when 
not specified otherwise, has its gates balanced at too 
high a percentage of the load. This point, however, should 
enter in the specifications of the turbine to operate under 
a certain head and under a certain condition. It is felt that 
insufficient attention is being paid to this point and the 
operator, therefore, suffers the disadvantage. 


Adjustable Wearing Rings for Horizontal Units— 

In horizontal units adjustable wearing rings on both sides 
of the runner would have many advantages and we wonder 
if this has been given the proper consideration. Thrust bear- 
ings should be supplied and so mounted as to take care of the 
maximum thrust which may be imposed upon them should 
the balance pressure fail to the extreme. 


Small Pumps vs. Oil Rings— 

We suggest that consideration be given to replacing the 
present oil rings with small pumps. Damage has resulted 
from oil ring failure and excessive leakage has been caused 
due to spray and vapor. 


VERTICAL TURBINES 
Water in Oil Sump— 

In lower guide bearings considerable trouble has developed 
due to water finding its way into the lower oil sump. There 
appears to be an opportunity for considerable improvement 
in the design at this point of a unit. The packing gland, 
lower guide and oil sump are so located that to repack the 
gland too much dismantling would be necessary and the out- 
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age hours would be increased. Improved operating conditions 
would result if the oiling system could be kept a separate 
unit and the oil sump removed from its present location. 


RELIEF VALVE DRAFT TUBES 


Draft Tube Vibration— 

Several companies report trouble fiom relief valve draft 
tube vibration. One draft tube was found in the afterbay 
and considerable damage resulted to the machinery founda- 
tion. The vibration can perhaps be eliminated only by the 
designers but we have found by experience that it can be 
reduced and maintenance costs lowered by welding the stubs 
on the tubes and concreting them in solidly. 


Trouble at Certain Loads— 


Vibration at certain turbine loads, caused apparently by 
the momentary breaking of the vacuum, is reported. There 
appears to be no relief except to regulate your load so as to 
keep off of the critical point. This can be done when there 
is an operator in the plant, but it is a serious condition :n 
a full or partial automatic station. 


IMPULSE WATER WHEELS 
Welding Experiments— 


Welding needles and nozzle tips with different metals, cast 
iron, bronze and steel cast, has been tried by one company. 
They report the most beneficial results have been obtained 
from the steel cast, it giving the desired strength and even 
wear as well as the durability. Experiments are being made 
to obtain a plating which will be applied to the finished 
surface of a hard metal. 


Nozzle Tip Fractures— 


Nozzle tip studs made of Tobin bronze fracture quite 
readily and are unreliable. Replacements are being made 
with steel called “Calumate” which has so far proven satis- 
factory. Eight threads per inch, rather than the standard 
thread, is recommended. In many instances stud material 
failure is caused by improper and excessive tightening and 
jamming the needles against the seats due to the adjust- 
ment of the limit switches. 


Steel Cast Bucket— 


The conventional steel] cast bucket, used by all well-known 
manufacturers, on the whole gives very good service, depend- 
ing upon the amount of grit in the water, size of unit, head, 
etc. The troubles experienced usually developed within a 
short period after the installation, generally in the form of 
checks and cracks which, after being properly welded, seemed 
to correct a condition of internal stresses which was created 
when the bucket was cast. 

Very little difference is noted in the eastern and western 
steel-cast product, yet as a whole the eastern steel casting 
seem more free from sand holes. 


Large Diameter Bucket Studs— 

Bucket studs of large diameter proved to have an advan 
tage over smaller ones. Past troubles have proven that it i 
imperative that all studs for large units should have a 
fit in a true hole of from 25 to 40 tons. 


Steel Lining Trouble— 

Considerable trouble is experienced with the steel 
on the side walls of the wheel pits becoming loose due to a 
contact with the water expelled from the buckets, vibratio 


and imperfect concrete backing. We found that the be 
plates cast in the concrete became loose enough t 
leakage, due to expansion and contraction, vibratio1 
perhaps faulty construction and installatio1 
As a remedy we would recommend a specially construct 
37] 





baffle, enclosing the spider and buckets, which might improve 
the efficiency as well as prevent any leakage. 


Removal of Water Wheels— 


We would also recommend the continuance of building the 
pit and wheel housing bedplates to allow the removal of the 
water wheels (as some recent manufacturers have done), 
avoiding costly dismantling when the occasion demands. 


Oil and Water Lines in Power Houses— 


It is suggested that the installation of oil and water lines 
in power houses be given consideration. A sufficient number 
of valves should be used and crossover pipes installed to per- 
mit sectionalizing. The pipe should be run in trenches or in 
the open where it can be easily replaced after a few years’ 
service, which is necessary due to the accumulation of rust, 
barnacles, etc. If it is necessary to bury it in the concrete, 
a special metal, not influenced by rust and chemical action, 
should be used. 


Facilitating Repairs— 


Guard valves, next to the main gate, by-pass and in series 
with the blow-off valves on the main gates, would allow 
repairs without draining the penstock. 


Use of Concrete in Hydraulic 
Structures* 


This report consists of two parts: Part I, entitled 
“Effect of Powdered Admixtures on Concrete,” and Part 
II, “Mixing and Placing Concrete for Concrete Bench 
Flumes.” 


In Part I is given a general description of the various 
forms of diatomaceous earth and volcanic ash, and their 
effect on workability, chemical reaction, strength and 
permeability is analyzed. It is intended in some future 
report to extend the investigation to other admiztures, 
both powdered and liquid, provided sufficient informa- 
tion of unbiased nature is available. 


Owing to the controversial nature of the subject, care 
has been taken to use only data of unquestionable relia- 
bility and it has been attempted to present facts rather 
than final conclusions and recommendations. The hope 
is expressed that the member companies of the Pacific 
Coast Electrical Association will recognize the advantage 
of co-ordinating their researches on concrete, thus avoid- 
ing duplication of tests, and bringing their individual 
results to a comparable basis. 


Part II gives, in words and pictures, the experiences 
of three member companies in constructing concrete 
bench flumes in different localities and under different 
circumstances. They represent actual solutions of actual 
problems, and are therefore thought to be of value to 
others in solving their individual problems along similar 
lines. This part of the report was compiled by H. K. 
Fox, H. Keesling, and K. A. Reeder. 


* Report of subcommittee on use of concrete in hydraulic structures, 
hydraulic power committee, Engineering Section. C. P. Vetter, 
chairman. W. Dreyer, H. K. Fox, H. Keesling, F. J. Mills, K. A. 
Reeder. 
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Part One—Effect of Powdered Admixtures 
on Concrete’ 


INTRODUCTION 


Resa report of the subcommittee for 1929 dealt with the 

various factors which influence concrete in hydraulic 
structures. It was pointed out that strength tests do not 
always give a true picture of the quality of the concrete 
or a reliable prediction of how it will perform the duties 
imposed upon it. 

The report was in the form of a general outline of the 
subject, the intention being later to deal with the individual 
factors in more detail. 

For 1930 it was decided to investigate the influence of 
powdered admixtures on concrete. The following subjects 
will be treated: 


A. Description of the various forms of commercial admixtures in 
practical use. 

B. Workability, a general discussion of this term and how it 
may be measured. 
Effect of admixtures on workability. 
. Constitution and hydrolysis of Portland cement. 
Effect of admixtures on the hydrolysis of cement. 
Effect of admixtures on the compressive strength of concrete. 
. Effect of admixtures on the permeability of concrete. 
. Economic value of admixtures. 


mots 


DIATOMACEOUS EARTH 


By diatomaceous earth is understood the siliceous remains 
of diatoms, a genus of minute, flowerless aquatic plants of the 
order of algae. The diatoms live in salt, brackish, and fresh 
water. (The minute organisms assimilate inorganic salts from 


1 Prepared by C. P. Vetter, W. Dreyer and F. J. Mills. 








Fig. 1. Salt water diatoms from California. (Rock Products, 
March 16, 1929.) 
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their surroundings and form a skeleton structure of silica 
which serves as a support for the gelatinous mass of the liv- 
ing organisms. When the diatoms die they sink to the bottom 
together with other materials such as sand, clay or volcanic 
ash and form the deposits known as diatomaceous earth. 

The diatoms are of numerous shapes, up to 15,000 distinct 
species having been recognized, and vary greatly with the 
locality where they are found. In the United States the 
greatest deposits are found in the Western states: Washing- 
ton, Oregon, California and Nevada. These Western deposits 
are not all of the same character. Fig. 1 shows a specimen 
of diatomaceous earth from the California Coast; Fig. 2 a 
specimen from Nevada; and Fig. 3 a specimen from Wash- 
ington. The diatoms from California and Washington are 
from organisms living in salt water, while the specimen 
from Nevada is a fresh water diatom. , 

This difference in the character of the deposit and the 
shape of the diatoms is claimed to have an important bearing 
on their influence on workability when the diatomaceous 
earth is used as admixtures for concrete. This is further dis- 
cussed under “Influence on Workability.” 

The diatoms consist almost entirely of amorphous silica 
(SiO.), a typical analysis of a California diatomaceous earth 
being given below: 


Moisture-free Ignited 

Basis Basis 

Per Cent Per Cent 

Silica (SiOz) ......... 81.57 86.16 

Iron oxide (Fe20s) 1.82 1.92 

Alumina (A1:0s).. 8.52 9.00 

Titania (TiO2)..... 0.36 0.38 

Lime (CaO) 0.81 0.85 

Magnesia (MgO) 1.09 1.15 
Ignition loss . 5.32 

Alkalies and undetermined 0.51 0.54 


all 
40 





Fig.2. Fresh water diatoms from Nevada. 
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Analyses of other American deposits are given in Fig. 4. 
That the silica is in its amorphous rather than its crystalline 
form has an important bearing on the chemical reactions of 
hardening cement as discussed later under “Effect of Admix- 
tures on the Hydrolysis of Cement.” 

The color of diatomaceous earth when pure is white, its 
true specific gravity is 2.1 to 2.2 at 25 deg. C., which is the 
average specific gravity of hydrous silica. The apparent 
density of dry blocks of California material is about 0.45 
(water taken as 1.) or 28 lb. per cu.ft., but blocks from 
some compact deposits weigh as much as 30 to 35 Ib. per 
cu.ft. The apparent density of the pure, dry, loose powder 
varies from 0.12 to 0.25 or 8 to 16 lb. per cu.ft. It has a high 
power of absorption and will absorb from 1% to 3 times its 
weight of water, depending upon its purity and the types of 
diatoms present. The absorptive power can be increased by 
calcination at 500-800 deg. C., as this drives off the combined 
water. It is highly porous and its porosity increases with 
temperature, although the volume remains constant. 


At 870 deg. C. the diatoms change to 8—tridymite which 1s 
the stable silicon oxide at this temperature. This change is 
accompanied by considerable shrinkage, the specific gravity uf 
tridymite being 2.28. At 1,470 deg. C. the tridymite changes 
into still another form of silica known as cristobalite which 
is stable up to the melting point. 


In its commercial form diatomaceous earth contains con- 
siderable moisture which can be removed by prolonged drying 
at 105 deg. C. The combined water is given in Fig. 4 for 
various deposits and varies from 3 to 8 per cent. 


The following specifications for diatomaceous earth to be 
used as admixture for concrete have been suggested by the 
engineering department of the Southern Pacific Company at 
San Francisco. 


Diatomaceous earth for use in concrete or hydraulic cement com- 
positions shall be finely divided plankton marine diatomaceous earth 
free from clay and crystalline silica and shall conform to the fol- 
lowing requirements: 

Not more than 5 per cent of the material shall be retained on a 
200-mesh screen. 

Not more than 30 per cent by weight of the material shall be 
composed of particles which will settle in distilled water at 20 deg. 
Cc. at a rate greater than 22 cm. per hour. 

Not more than 15 per cent by weight of the material shall be 
composed of particles which will settle in distilled water at 20 deg. 
Cc. at a rate slower than 0.22 cm. per hour. 

The material shall not contain more than 10 per cent by weight 
of moisture. 





Fig. 3. Salt water diatoms from Washington. (Canada Department 
of Mines.) 
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A moisture free sample of the material shall not show a loss on 
ignition at 1,800 deg. F. of more than 6.0 per cent. An ignited 
sample shall contain at least 90 per cent of silica and not over 4 
per cent of alumina. 

Weight per cu.ft. shall not be more than 10 Ib. when fluffed 
through an 8-mesh screen. 


The following percentages of admixture have been stand- 
ardized by the Southern Pacific Company: 


Percentage of Diatomaceous 


Concrete Mix Earth Added 

tt et elie 2.0 by weight of cement 
gu: : 2.5 by weight of cement 
1:2% :5. . 3.0 by weight of cement 
1:3:6 : 4.0 by weight of cement 


The North Carolina Highway 
follows (1925): 


Diatomaceous earth for use in concrete or hydraulic cement com- 
positions shall be finely divided Plankton Marine diatomaceous earth 
free from clay and crystalline silica and shall conform to the fol- 
lowing requirements: 

Not more than 1 per cent by weight of the material shall be 
retained on a 30-mesh screen. 

Not more than 15 per cent by weight of the material shall be 
retained on a 200-mesh screen. 

Settling tests with distilled water shall show not less than 55 
per cent of the material remaining in suspension. 

The material shall not contain more than 10 per cent by weight 
of moisture. 


Department specifies as 


A moisture-free sample of the material shall not show a loss on 
ignition at 1,800 deg. F. of more than 6 per cent. An ignited sample 
shall contain at lea&t 92 per cent of silica and not over 4 per cent 
of alumina. 

The SPaceCR pe call for: 2 per cent in 1:11%4:3 concrete; 3 
per cent in 1:2:4 concrete; 4 per cent in 1:2% 
coarse aggregate); and 5 per cent in 1:2% 
stone or slag coarse aggregate). 
of the cement content. 


:5 concrete (gravel 
:db concrete (crushed 
These percentages are by weight 


1. “Diatomite, Its Occurrence, Preparation and Use,” by V. L. 
Eardley-Wilmot, Canada Department of Mines. 

“Diatomaceous Earth,” by Eliott S. Hastings—Rock Products, 
March 26, 1929. 

Various Commercial Publications. 

2. “An American Puzzolana and Its Effect on Portland Cement 
Concrete” by Dr. E. Lee Heidenreich, Rock Products, Sept. 29, 1928. 

“Blending Fresno Pumicite With Cement” by J. B. Lippincott— 
Western Construction News—May 10, 1929. 


PUMICITE 


Pumicite is a finely divided powder made up of small, 
sharp, angular grains of volcanic glass. It is formed by the 
violent and explosive eruption of volcanos which throw out 
tnis dust in great clouds. Ultimately the dust settles perhaps 
several thousand miles away from its original source and 
forms the beds of pumicite. Fig. 5 shows a sample of pumi- 
cite magnified about 500 times. 

Great deposits of pumicite are found in Kansas, Nebraska, 
and Oklahoma and a deposit of considerable magnitude has 
recently been opened near Fresno in California. A typical 
analysis of the Fresno deposit is given below: 


Per Cent 
STO CIEE enss cdi dcniticn sina harcielbasbadupbien abated kociecios shaeaeith 73.18 
Tren Gxlde (Pes) n.<iseoemidcssebicnes le rama ee 1.09 
Alumina (Al:Qs3) .............-.-.- hie tecteainvinaptalainatiapesile Re wile is enidigigle et a 
Lime (CaO) Siibesbtvabscceel Bs: 1.37 
Magnesia (MgO) a delashehudiissoes cepenebkeditiuniaa tae oe 0.36 
Sulphur trioxide (SOs) ................... Ce ee ed ae 0.71 


Loss by ignition ........ i <csleah bbe hncgss UalleeRanactosale 4.17 
Alkalies and undetermine ed. scared Sindee 3.66 

100.00 
PROGR GE BOW CO iiacece kisi es Siceccdesconetalo nian tsbensscbmatiateeds 0.33 


It is seen that the analysis resembles very closely the 
analysis of diatomaceous earth. However, while silica in 
diatomaceous earth is almost wholly in the amorphous form, 
the silica in pumicite may be partly amorphous and partly 
crystalline or perhaps all crystalline according to how much 
deterioration has taken place ‘since its deposit. Information 
on this point is not available on American deposits. 

The fineness of the Fresno deposit is so that almost 100 
per cent will pass through a 300 mesh sieve. 

The absolute specific gravity is about 2.16, and the appar- 
ent specific gravity about 0.9 compacted and 0.7 loose. 

Pumicite is a grayish white powder. It does not absorb 
water, and on calcination reacts in the same way as dia- 
tomaceous earth and other silicas. 

The following specifications for pumicite to be used as a 


Analyses of United States Diatomites' 










State Locality SiOz | AlsOs | Fe2xO; | CaO | MgO| Na,O} K:0/H:0 at cor Total Remarks 
Es 105° C. Tg 
1 |California..... Lompoc...... 88-40 2-05 1-13 | 0-34 | 0-52 | n.d. | n.d. 6-08 0-31 | 98-83 |Celite Co., No. 16 filter quarry. 
Say on  weeee reece 86-24 3-05 1-02 | 0-18 | 0-63 - = 5-62 1-20 | 97-96 ~ No. 38 Super-Cel “ 
3 e » eee Oo intend 80-40 6-88 2-12 | 0-86 | 1-17 - 6-12 0-61 98-16 = — brick quarry. 
|, peo wi aeons 82-62 5-05 0-81 | 0-79 | 0-48 ” is 7-60 0-72 98-07 - for concrete 
| ~ fo 
| § a Ss | aie 88-20 6-55 0-81 | 0-57 | 1-22 ' S oo 0-80 | 98-15 ” average (calcined). 
| 6 Y  - eee FP eds cas 90-50 3-71 RO 6 OBB F O08 he occ cde anes 0-56 0-18 | 97-22 we Super-Cel (calcined). | 
oy ee eee 93-70 0-72 0-64 | 0-28 | 0-26 | 3-13 | 1-27 0-28 0-32 | 100-60 ” ae 
cin 
8 - ee Covina....... 82-80 6-06 1-94 | 0-51 | 0-92 | n.d. | n.d 5-88 tr. 98-11 | Featherstone Co., for line. 
9 © - icoss Bradley...... 84-11 3-55 1-29 | 1-24 | 0-86 ~ ” 5-12 0-88 97-05 |Calif. Kieselguhr Co., best grade 
10 sears e FT. Sxghkas 82-64 5-23 1-61 | 0-74 | 0-70 = “g 6-00 0-30 | 97-22 |Buttle Properties, mill product. 
ll ne Monterey 77-88 6-80 1-90 | 0-33 | 0-13 | 3-37 | 2-02 5 20 2-56 | 100-19 a Products + top 
12 eee Pe. Gee 78-40 6-76 1-04 | 0-51 | 0-64 | n.d n.d. 7-76 1-30 | 96-41 a Products Co., mill 
p uct. 
13 ~~? oboe we Seeks 78-72 5-60 1-90 | 0-51 | 0-04 | 5-28 | 1-57 5-70 1-06 | 100-38 “reer Products Co., Cat 
‘anyon. 
14 Mee Mt. Shasta...| 88-35 3-24 0-84 | 0-37 | 0-45] nil nil 5-74 0-88 | 99-88 |Pitt river, No. 2 camp. 
15 |Oregon........ Terrebonne...| 86-74 4-64 1-46 | 0-85 | 0-37 ” 7 5-80 0-40 | 100-28 |Des Chutes river, best grade. 
16 Sr Teo . 85-83 3-98 2-19 | 1-25 | 0-41 | n.d. | n.d. 4-68 0:73 | 99-05 , filter product 
17 o  seaeowas - 84-32 5-20 2-42 | 1-53 | 0-39 = = 3-92 0:70 | 99-51 = + concrete pro- 
uct. 
| 18 a eee ” 92-49 0-89 1-46 | 0-63 | 0-46 = . 3-08 1-01 | 100-02 = - , bottom bed, 
large tubu- 
lar diatoms. 
19 |Washington...|Burke........ 93-15 1-04 1-24 | 0-50 | 0-31 ” © 3-09 0-41 | 99-74 |J. “ow deposit, best grade 
crude. 
20 = Kittitas. ..... 86-60 2-62 2-58 | 0-57 | 0-56 5-08 0-12 | 98-13 |Great Western Silica Company, 
average grade. 
21 |Nevada ATTEN. 60000 81-13 7-42 3-03 | 1-79 | 0-31 | .....]... 4-86 0-62 | 99-16 |Tri-O-Lite Co., average grade. 
22 OP eae Virginia City.| 91-45 2-60 0-83 | 0-70 | 0-35 j......]..... 3-41 0:97 | 100 51 a ‘Co., silver polish 
grade. 
23 geen POND. 33s kxs os 74-83 14-98 6-02 | 1-26 | 0-60 ]......]..... 0-98 0-21 98-88 |Main highway, 2 miles west of 






Reno. 


1 All samples collected and analysed at the Mines Branch, Ottawa, Canada. 


Fig.4. Analysis of United States diatomites. 
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part substitute for cement or as an admixture have been 
suggested by the Los Angeles County Flood Control District: 


1. Silica (SiOz) on a moisture free sample shall not be less than 
70 per cent. 

2. Alumina (Al:O3) on a moisture free sample shall not be more 
than 15 per cent, 

3. Unit weight when loosely screened through 
sieve must be at least 44 lb. per cu.ft. 

4. Loss on ignition on moisture free 
5 per cent. 

5: Moisture 
per cent, 

6. Must contain no more harmful percentages of orgapzlic mater- 
jals as determined by colcrmetric test. 7 

7. Must be of sufficient fineness to pass at least 90 per cent 
through a 325-mesh sieve. 

8. A representative sample when mixed in the following propor- 
tions by weight: 1 part lime, 2 parts silica bearing co-mixture, 
sufficient water to give normal consistency and cured in a moist 
closet at 70 deg. F. shall develop at least 400 Ib. per sq.in. com- 
pressive strength in 28 days. 

9. Must consist of crystalline particles as determined by micro- 
scopic examination. 


an eight-mesh 
sample must not exceed 


percentage as delivered not to be more than’ 5 


The strength test will give a measure of the “hydraulic 
properties” of the pumicite which again depends on the con- 
tent of amorphous silica. Amorphous silica may be deter- 
mined directly by boiling with caustic soda and determining 
the amount of silica which has gone into solution. 


WORKABILITY (*) 


Before the influence of admixtures on workability can-be 
determined, a standard of: workability must be fixed and°an 
apparatus designed whereby a given mix can be. compared 
with the accepted standard. 

The now generally accepted definition of workability is 
that given by Pearson and Hitchcock(*) as: “That prop- 
erty which is indicated by the effort required to place the 
concrete so that a uniform and homogenous product is 
obtained.” 

It is at once realized that this term is far more involved 
than the definitions of other properties of structural mater- 
ials. It is affected by several properties of the ingredients 
such as: mix, type, and gradation of the aggregates, the 
cement and admixtures used, the quantity of mixing water, 
and possibly still others. 

The difference between the term workability and consis- 
tency should be noted: 


Consistency has been 


defined as a property dependent upon 
the amount of water used in a particular mix, whereas worka- 
bility depends not only upon the water content but also upon the 
character and proportions of the materials used. 


Any device for measuring consistency can be used, there- 
fore, for comparing the relative workabilities of a given mix 
with varying water contents, but it cannot be used for com- 
paring different mixes of cement and aggregate, and still 
less for comparing mixes with and without admixtures. 

Nevertheless, the devices most commonly used for meas- 
uring workability such as the slump cone and the flow table 
are such that they indicate little less than the consistency. 

Several most thorough investigations have been made of 
these and many other devices for measuring workability (*), 
and ai apparatus called the improved penetration machine 
was finally decided upon as best suited to practical measur- 
ing of workability (Fig. 5A). 

The apparatus measures the work required to drive three 
14-in. rods down into the concrete mix to a certain depth, 
and is a further development of the apparatus first used 





3. Smith and Conahey: “A Study of Some Methods of Measuring 
Workability of Concrete’’—Proceedings American Concrete Insti- 
tute, Vol. 24, p. 24. 


4. A.S.T.M., Vol. 23, 1923, Part II, p. 276. 


5. Smith: “The Measurement of Workability of Concrete’’—A.S. 
T.M., Vol. 28, Part II, p, 505. 
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by Pearson and Hitchcock in their original tests. The driving 
force is supplied by a small drop hammer and the worka- 
bility index given the mix is the total energy in in.-lb. 
required to force the rods 11 in. into the mix. 

It is apparent that indices affixed to a given mix, through 
tests with an apparatus of this kind, have in themselves 
no meaning. They are useful only insofar as they represent 
degrees of workability, as defined above, established by 
other means. 

It is plain, however, that in the final analysis, the prop- 
erty workability can be determined only by the judgment 
of experienced observers who follow the batch from the 
mixer to its final resting place in the form. There is no 
conceivable way of measuring the effort described in the 
definition otherwise. 

If the indices found by the penetration machine parallel 
such judgments, then and only then have they established 
their usefulness. 





Fig 5. Kansas pumicite. 
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Fig.5A. Assembly of apparatus, improved penetration machine. 
(A.S.T.M., 1928, Vol. 2) 





There is still another condition which any measuring 
device must fulfill and that is, that a test repeated under 
exactly the same circumstances with the same materials must 
yield the same result within a reasonable latitude. 

The proponents of the penetration machine have conducted 
many tests to determine to what extent their device com- 
plies with these stipulations. The results of some of these 
tests are shown in Fig. 6. It is seen that the workability 
indices vary in a sensible way when one of the factors 
affecting the workability is varied. It should be noted that 
where the workability index is high it indicates a harsh 
mix, hard to place, whereas if it is low it indicates a more 
plastic mix, easier to place. 

What remains to be shown is that a given index corre- 
sponds to a given degree of workability regardless of how 
this workability has been brought about, whether by varying 
the cement content, the water, or the fineness modulus of 
the aggregates. Some adjustment will undoubtedly be neces- 
sary but a decided improvement should be shown as com- 
pared with the slump cone method which has to be adjusted 
for both fineness modulus and maximum size of aggregate. 

If such improvement is not apparent, either the apparatus 
or our definition of the term workability has to be revised. 


The penetration machine was developed principally to get 
a fair determination of the influence of certain powdered 
admixtures on the workability of the mix. For instance, if 
2 per cent of diatomaceous earth is added to a given mix 
without changing the water content, the slump will be 
decreased. Nevertheless, it is evident that the workability 
has been improved. If sufficient water is added to bring the 
slump back to where it was before the admixture was added, 
the strength will probably be impaired. 

Such tests as have been made with various admixtures 
seems to indicate that the penetration machine responds well 
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to the changes in workability brought about by addition of 
admixtures. 


EFFECT OF ADMIXTURES ON WORKABILITY (‘) 


The effect of admixtures on workability has been tested 
by several investigators of which the following have used 
the penetration machine in its original or improved form: 
Pearson and Hitchcock from Bureau of Standards, and 
George A. Smith from the Celite Products Company. Pear- 
son and Hitchcock have used the original penetration 
machine, while Smith has used the improved machine. The 
indices therefore cannot be directly compared, but the rela- 
tive degree of workability is well demonstrated by both 
devices. 

The actual results of these tests are very much of the 
same order, but the interpretations vary considerably and 
in some instances only a close study of the premises will 
reveal the reason for this variation. 

In Fig. 7 is shown the influence of diatomaceous silica 
on three mixes with varying percentages of admixture. 

It should be noted that in these tests the flow has been 
kept constant at 100. This means that additional water has 
been used with the admixture over and above what was 
required for the plain mix. This additional water alone 
would increase the workability except perhaps for the 1:3:6 
mix, but this increase would naturally be small as.compared 
to the increase brought about by the admixture, 





6. “Economic Value of Admixtures” by J. C. Pearson and F. A. 
Hitchcock—Proceedings American Concrete Institute, Vol. 20, p. 
= a Symposium”—American Concrete Institute, VoL 

Pp. 


“Effect of Lime and Other Powdered Admixture in Concrete” by 
VU. A. Alerams—A.S.T.M., Vol. 20, Part II, p. 149. 

“A Penetration Test for the Workability of Concrete Mixtures, 
cic.” = Cc. Pearson and F, A. Hitchcock—A.S.T.M., Vol. 23, Part 
Il, p. . 





INFLUENCE OF FINENESS 
MODULUS OF FINE 
AGGREGATE. 


INFLUENCE OF 
COARSE AGGLEGATE. 





Fig. 6. Influence of cement content and flow, on fineness modulus of fine aggregate, and of coarse aggregate. 
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Fig. 7. Influence of diatomaceous silica on workability. (A.S.T.M., 
1928, Vol. 2.) 


In Fig. 8 are shown some similar tests with admixtures 
of lime, kaolin; talc, and diatomaceous earth, and with addi- 
tional cement. 

Very few-corresponding tests have been made with pumi- 
cite, the only known test being plotted in Fig. 8. 

In analysing these tests, the theory is advanced that 
materials like pumicite and cement influence workability 
somewhat in the same way as does a fine sand("). It is 
significant that 10 lb. of pumicite has the same volume as 
33 lb. of cement and gives the same improvement in worka- 
ability. Also, the addition of these two materials in the 
given quantities, if considered as sand, would lower the 
fineness modulus from 2.75 to 2.35, which would correspond 
to a lowering of the workability index from 260 to 190, 
while actually they lowered the index from 260 to 175. 

Diatomaceous earth, lime, and other materials which 
absorb water act in a different way; they might perhaps 
be considered as increasing the viscosity of the water and 
thereby preventing segregation of the materials and acting 
in a way as a lubricant. The measure of the value of this 
type of admixtures might then be their capacity for absorb- 
ing water. 


CONSTITUTION AND HYDROLYSIS OF PORTLAND CEMENT 


The average commercial portland cement consists of, for 
the major part, the following three components: 


Lime (Ca.O) 
Alumina (Al1:03) 
Silica (SiOz) 


the balance being made up of: 


Magnesia (MgO) 

Iron oxide (Fe20s) 

Sodium oxide (Na20) 

Potassium oxide (K:0) 

Sulphur di-oxide (SOz2) 

By microscopic analysis (*) at the Bureau of Standards 

it was shown that the three major components for all prac- 
tical purposes appear in the following combinations: 





7. Talbot and Richart in University of Mlinois Bulletin No. 137, 
p. $2. 


8. Industrial Engineering Chemistry, Vol. 7, 1915, and Transac- 
tions Faraday Society, Vol. 14-15. 
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Fig. 8. Influence of admixtures on workability. 


(Proceedings 
American Concrete Institute, 1928.) 
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Fig. 8A. Strength tests showing effect of large percentages of 
Fresno pumicite. (Los Angeles County Flood Control District.) 
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3 CaO.SiO2z 
2 CaO.SiOz 
3 CaO,Al203 


and that these compounds constitute more than 90 per cent 
of the clinker. In cement burnt at too low a temperature 
a compound of the composition 5 Ca0.3Al,0; and free lime 
(CaO) may appear, but sound cement should not contain 
more than a trace of these compounds. 

Under the assumption that all lime, alumina, and silica 
enter into these compounds, the proportions of each one can 
then be calculated. A cement of the following composition: 


CaO 63.2 per cent; AlkOs 7.7 per cent; SiO2 22.4 per cent; MgO, 
Fe203, Na2O, K:O, and SO: 6.7 per cent. 


will consist of: 


35.2 per cent 3 CaO.SiOze: 37.7 per cent 2 CaO.SiO2; 20.4 per 
cent CaO.Al:O:. (See appendix.) 


When these two compounds in the form of a finely ground 
powder are mixed with water each compound will hydrolize. 

The hydrolysis of 3 Ca0Q.Al.0;,, 3 CaO.SiO. and 2 
CaO.Si0O. was investigated by Bogue and Lerch at the 
Bureau of Standards(*). These compounds were prepared 
in the laboratory and their behaviour during hydrolysis 
studied under various circumstances. 

It was found that the aluminate is stable in saturated 
lime solutions but that both silicates will liberate lime even 
in a concentrated solution of CaO. 

The hydrolysis of these two compounds in a saturated lime 
solution will continue until a product of the composition 
CaO.SiO, is reached which is stable. 

It should be noted however that the conditions existing 
in hardening portland cement are vastly different from the 
conditions under which these tests were made, as also pointed 
out by the two investigators. 

At the laboratory tests the amount of liquid was great 
as compared with the amount of clinker material, while in 
concrete the amount of liquid is very limited. If the amount 
of water available for the hydrolysis of the cement in con- 
crete is great, as it may be at or near construction joints 
in hydraulic structures, the hydrolysis will take place along 
the lines demonstrated in the laboratory tests. If the amount 
of water is greater than that which corresponds to a satu- 
rated solution of the available lime, not even the mono- 
calcium silicate will be stable and the concrete will crumble 
to a white or yellowish powder of hydrous silicate as has 
been demonstrated in several structures. 

Under ordinary circumstances, as prevailing in hardening 
concrete, the hydrolyzed material will form a colloidal solu- 
tion or gel surrounding the unhydrated clinker grains and 
gluing the aggregate together. An equilibrium will possibly 
be reached, between the clinker grains and the gel, which 
will bring further hydrolysis to a standstill, unless some 
outside influence such as percolating water upsets the equi- 
librium and causes the process to continue. 

In this state of equilibrium a certain amount of lime will 





9. Journal of Physical Chemistry, Vol. 31, p. 1627. 


have been liberated in the form of calcium hydroxide, which 
through percolation or sweating will be carried to the sur- 
face where it will react with the carbon dioxide in the air 
and form lime carbonate—the well known incrustations. 

An attempt has been made to determine the amount of 
free lime present in hardened cement which has not been 
subject to percolation.(*) The following results were found: 
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Fig.9. Strength tests with admixtures of diatomaceous earth from 
California diatoms—Slump". (Canada Department of Mines) 


“The silicate complex,” in connection with the aluminate, 
constitutes the cement gel which glues together the aggre- 
gates as referred to above. By dividing by the respective 
molecular weights it is found that the constitution of the 
silicate complex corresponds almost exactly to the compound 
di-calcium silicate (2CaO.SiO.). 

This checks very closely with the findings of the Bureau 
of Standards, that the tri-silicate gives off its lime much 
more freely than the di-silicate. It seems reasonable to 
assume that one-third of the lime in the tri-silicate is held 
more loosely than the rest of the lime and will go into 
solution even in good concrete. 


EFFECT OF ADMIXTURES ON THE HYDROLYSIS OF CEMENT 


If means can be found to bind the lime liberated by the 
tri-silicate into an insoluble compound, leaching out of lime 
should be prevented in well made concrete and additional 
hydraulic properties given to the cement. In concrete sub- 
ject to excessive percolation the deterioration will go on 
still further as previously pointed out, but it is thought that 





10. “On the Constitution of Hardened Portland Cement” by G. 
Assarsson — N. Sundius—Sveriges Geologiska Undersokninger— 
No. 23, Vol. 2. 





TABLE I 
—IIIIII—IEIIIIIIIIIIIICUIyUiL—_>ly)y IIIS 
SiOz Al2Os Fe203 MgO CaO CO; Total Remarks 

SNE ONE 5s 6 i ka i bs daa Vaweneeecess 23.0 5.5 2.5 1.6 64.2 $.2 100 Before Hydrolysis 
Ce OP CEE. Sonn ues knee aes sedbebeve nese ee vee sw 11.2 we $8.3) 

Si cida's oon oben nies ad oleate eae ee eon 4.1 3.2 7. 

3 CaO.Al2O3 Leb ad seeds even easdueeeneavesad 5.5 ioe 9.0 ae 14.5 

MCC Les cka pases lshnceh ons aborsynsncensaue 2.5 weet es 2% After Hydrolysis 

Se iis a vc ucxk ica eeckoeteereiueee 23.0 snk s 
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this condition should be prevented by more careful placing 
rather than cured by binding the lime. 

The only practical way of binding lime into an insoluble 
compound is by means of finely ground amorphous silica 
which will react with lime at ordinary temperature and 
form mono-calcium silicate (CaO.SiO.) which is insoluble 
in water. 
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Fig. 10. Strength tests with admixtures of diatomaceous earth from 
British Columbia fresh water diatoms—Slump”. (Canada Depart- 
ment of Mines.) 


Roman cement was made by mixing lime with puzzolana, 
which is earth containing amorphous silica, and concrete 
made from this material has stood for centuries. 

That the reaction between lime and silica actually does 
take place in concrete where part of the cement has been 
replaced with silica was demonstrated by Lowenthal and 
Paulsen(") and admixtures of puzzolana to portland cement 
concrete have been used by European engineers since the 
early seventies for concrete in hydraulic structures. 

If it is desired to add sufficient silica to bind one-third 
of the lime of the compound 3CaO.SiO; the amount may 
be determined by the following formula: 


S = 1.07A — 1.78B — 2.00C 


for a cement containing A per cent CaO, B percent AI.O,, 
and C per cent SiO... A, B and C refer to the percentages 
in ignited state, and S to the pure amorphous silica in its 
ignited state expressed in per cent of the cement. After S 
has been determined, allowance must be made for moisture, 
impurities, and crystalline silica in the commercial product 
used as admixture. Details of these calculations are given 
in an appendix. 

Diatomaccous earth as a rule contains a very high per- 
centage of amorphous silica and would therefore be prefer- 
able for control of free lime. However, it would require 
as much as 18 per cent of this material to obtain the 
desired effect and such a mix would not be practical with 
the diatomaceous earth in its natural form. Certain Euro- 





11. 14th International Congress of Navigation—Cairo, 1926, 


May 15, 1930 — Electrical West 





pean cements (moler cement) contain over 20 per cent dia- 
tomaceous earth, but in these cements the moler (which is 
a form of diatomaceous earth) is burnt and then added to 
the cement clinkers and ground together with them. In this 
way an excellent product is obtained which has given very 
satisfactory results in concrete structures exposed to both 
salt and fresh water. 


EFFECT OF ADMIXTURES ON COMPRESSIVE STRENGTH 
OF CONCRETE 


The compressive strength of concrete, in the past often 
the only requirement specified, is very often of but secondary 
interest. The permissible stress in concrete members is held 
at a fraction of the specified strength and rightly so, and in 
the great majority of reinforced concrete members the actual 
concrete stress is far less thin the permissible stress. The 
goal to be worked toward in ordinary concrete construction 
is a concrete of moderate but uniform strength rather than 
a concrete of high strength. 


If methods can be devised whereby uniform strength and 
assured integrity can be obtained even at a sacrifice of 
strength a great step forward has been taken. In one 
portion of the preceding discussion one factor influencing 
uniformity has been dealt with, namely workability; in 
another, a factor influencing the integrity, namely the chem- 
ical reactions, has been touched upon, and it has been 
pointed out that certain powdered admixtures act benefic- 
ially in both respects. It remains to be shown how these 
admixtures influence the strength, it being again remem- 
bered that an increase in strength is not the object and 
that a moderate decrease may even be tolerated. 


Figs. 9 and 10 show results of tests by the Canada 
Department of Mines with 2 and 4 per cent diatomaceous 
earth of marine and fresh water diatoms. Table II shows 
results of tests by the North Carolina Highway Depart- 
ment with 1.5 to 8 per cent of marine diatomaceous earth. 
Fig. 11 shows the results of tests by Missouri Highway 
Laboratories with 10 per cent of Kansas pumicite. All these 
tests indicate that small percentages of these admixtures 
do not impair the strength of the concrete. 


The application of the water-cement ratio law to mixes 
containing admixtures is interesting, and Fig. 12 gives 
results of tests by the Johns-Manville Corporation with 
admixtures of marine diatomaceous earth. In this diagram 
points A and C correspond to the same mix, plain and with 
admixture, and gaged to the same flow, while points A and B 
correspond to the same mix, plain and with admixture, and 
with the same water-cement ratio. In other words, if the 
mix containing admixture is gaged to the same flow as the 
plain mix, the strength will be the same, although the mix 
contains more water in relation to cement. If the same 
amount of water is added in both cases, the strength of 
the mix containing admixture will be higher. The horizontal 
distances between the two curves corresponds approximately 
to an amount of water equal to 200 per cent of the weight 
of the admixture, therefore in predicting the strength of a 
mix containing admixture of marine diatomaceous earth the 
water-cement ratio law may be applied provided the water- 
cement ratio is based on the actual quantity of water used 
less an amount corresponding to a certain per cent of the 
weight of the admixture. For the product marketed by the 
Johns-Manville Corporation this per cent is 200. For other 
products it will be different, but figures are not yet avaii- 
able for other types of diatomaceous earth. For pumicite 
30 to 60 per cent of the weight of pumicite is usually 
deducted from the total amount of water. 


EFFECT OF ADMIXTURES ON THE PERMEABILITY OF CONCRETE 


It is generally believed that admixtures of diatomaceous 
earth and pumicite will increase the impermeability of con- 
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crete due to their great fineness, aside from the effect they 
may have on the deterioration of the concrete. Such tests 
as have been made, however, are not conclusive. Very elab- 
orate penetration tests have been carried out during the 
last two years by the Swedish Board of Waterfalls at Lilla 
Edet powerhouse, but in spite of every conceivable precau- 
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Fig. 11. Strength tests with admixtures of Kansas pumicite. Note: 

Mix, 1:2:34%,.; w/c ratio, 0.735; comb. F.M., 5.64. W/c ratio 

refers to “net” water. Additional water was used amounting to 

20 per cent of weight of pumicite. (Missouri Highway laboratories. 
Rock Products, Sept. 29, 1928.) 


tion the results are contradictory. The same refers to some 
extent to tests by the Pacific Gas and Electric Company and 
the Johns-Manville Corporation. All these tests are being 
continued and it is believed that eventually the technique 
will be improved so that a definite answer can be given. It 
is intended in a later report to return to this subject. 


ECONOMIC VALUE OF ADMIXTURES 


The economic value of admixtures is a highly controver- 
sial subject and shall be treated only very briefly. 

A principal item in the cost of concrete is the cost of 
placing, and increased workability will decrease this cost. 
Increased workability may be obtained by the use of one 
of several agencies such as finer aggregate, additional water, 
additional cement, substitution of gravel for crushed rock, 
or by the use of admixtures. However, these workability 
factors affect not only the workability, but also the strength. 
Smaller aggregate, additional water and substitution of 
gravel for crushed rock will, as a rule, decrease the 
strength; additional cement will increase the strength; while 
admixtures in small percentages have little effect in this 
respect. In a previous chapter it was pointed out that a 
small decrease in strength might be tolerated if uniform 
strength was gained, other things being equal. This would 
lead to consideration of finer aggregate. 

Often a certain strength is specified and increased worka- 
bility might then be obtained by finer aggregate in connec- 
tion with more cement or by a coarser aggregate and an 
admixture. Some admixtures such as marine diatomaceous 
earth will increase the yield slightly but will decrease the 
specific weight which may be a disadvantage in some struc- 
tures and an advantage in others. 


In a few cases an increase in strength may have an eco- 
nomic value. If so, additional cement may be preferable to 
any other method of obtaining increased workability. 


The value of admixtures for obtaining increased worka- 
bility will therefore depend on the specific circumstances 
and the problem must be solved for each individual case— 
no general rule can be formulated. 


The question of substituting silica admixtures such as 
pumicite for large percentages of cement, as treated in a 
previous discussion, is of profound importance, both from an 
economic and a technical standpoint. The Los Angeles 
County Flood Control District estimates that a saving of 
from 5.4 to 17 per cent of the cost of the cement would 
be possible and a concrete better suited for hydraulic works 
obtained if such a substitution is made. This question merits 
the most thorough investigation. 

As far as chemical reaction with cement is concerned, 
only amorphous silica is active and the value of any com- 
mercial admixture depends upon its content of this form of 
silica. The cement described in the preceding discussion 
would require 9.38 per cent of pure amorphous silica admix- 
ture to bind its free lime. If it be assumed that amorphous 
silica constitutes one-half of the silica content in Fresno 
pumicite* the ratio of pumicite to cement should be: 





* The percentage of amorphous silica in Fresno pumicite is as yet 
unknown, but German trass, a similar product, has been found to 
contain 31.5 per cent amorphous and 30.2 per cent crystalline silica. 


TABLE II—Comparative Compressive Tests of Concrete with Admixtures of Marine Diatomaceous Earth (Expressed in Percentage)—By North Carolina 
Highway Dept. 





Plain Concrete. . 


fo ee CR Seen er ere Pee ee eS el 
PE SE aig wh ones cakadekeemvin «Smeg ahey sone kahen ks eees 
416 per cent.admixture 


6 per cent admixture 
8 per cent admixture 


Mix—1:1%:3 Mix—1:2:4 Mix—1:3:6 

28 days 1 year 28 days 1 year 28 days 1 year 
sea a 100 100 100 100 100 100 
veneae 98 103 111 110 101 109 
vanes 95 94 106 114 99 111 
ee = a 106 107 103 118 
103 107 104 105 
“* a 106 111 
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% x 73.18 


Extensive tests of con¢rete made with 80 per cent portland 
cement and 20 per cent ptmicite have been earried out by 
Los Angeles County Flood Control District and some of the 
results are shown in Fig. 8A. 

-As might be expected, in the early strength of cement— 
pumicite concrete is less than that of plain cement concrete. 
This is due to the fact that the initial set and the early 
strength of concrete is caused by the hydrolysis of the tri- 
calcium silicate; as there is less tri-silicate in the cement- 


‘ptmicite mixture the early strength is less. Soon, however, 
> 

















ee. 
aes 
ea 
er 
4 

: 
‘ 

Al 


ys 
4 


5000 
Bate tt ea 
| \ Mixes 1:3:6 to 1:18 :3. 
te so 
VaATOMaCeOUS Car. / ‘JZ 

<|_ ced ae «an 
5 +--+ + 4:3'6' S52 
om { tt | 
wy i eS 
wy — + — + — + ee ee 
NCCNCEREET aa 
eet ert 
st tebe tislbeceaeelh Fae 
SL LS Re 4 Si 

\ NX] eb \ , eo 
< 2 | | 
t sd we \ st eae ie aieniiicen 
oh t) Pee Ea ve tt | 
5 Yel] et 1 

a 








fe ' 7 

RS . . +++ 

mt y KES. || ed 
= 

Se NS te [| 

8S +} 





Compressive 




















cf 42 3 Z 7 77 
Water-~cemen* ratio 


Fig. 12. Water-cement ratio strength relation for admixtures of 
from 3 to 5 per cent marine diatomaceous earth. (Tests by Celite 
Products Company.) 


the tri-silicate begins to decompose and the final strength 
is due to the di-silicate and, in the case of cement—pumicite 
concrete, to the mono-silicate. Through the pumicite an addi- 
tional hydraulic factor has been introduced and the easily 
dissoluble lime has been replaced by the indissoluble mono- 
calcium silicate. That also an appreciable amount of inactive 
material has been added should not be overlooked when 
weighing the advantages. 

The final strength of the cement-pumicite mixture there- 
fore equals or even exceeds the plain mixes. The economic 


possibilities of this fact are treated in the following dis- 
cussion. 


APPENDIX 


1. Calculation of Percentages of Compounds $ Ca0O.SiOz 2 Ca0O.Si02, 
and $ Ca0.Al.0:— 
Per Cent Molecular Wt. 


CD aatacte pecan area etientartonetns eetiiepntecbiansbins A 56.07 
SII dasicienietegrentenccacionnsnapsncnsnecnssecneiainnn x 228.27 
Sy CIS © erratic ceensnsccting sin sartcsnecenegnsemeenen Y 172.20 
DF Cis sitet het eriecicieeeres Ww 270.15 
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Percent lime bound in 3 CaO.Alk0O:: X 3 X 56.07 = 1.65B 





101.94 


Percent lime available for silicates: A— 1.65 B 











x Y 
Then: X 60.06 + X 60.06 =C 
228.27 172.20 
x e 
And: ——— X 3 X 56.07 + xX 2X 56.07 = A—1.65B 
228.27 172.20 
And: W=1.65B+B 
Or: X = 4.07 A— 6.72.B — 7.60 C 
And: Y=5.07B+ 8.60 C—3.07A 
And: W=2.65B 


2. Calculation of percentage of silica required for binding one-third 
of the lime in the compound 8 Ca0O.SiO2 into the compound 


ca0.si0o— 
If the required percentage is S, 
xX X 60.06 
Then: S = ——————- = 1.07 A— 1.77 B— 2.00 C 


228.27 


Part Two—Mixing and Placing Concrete for 
Concrete Bench Flumes’ 


Flumes, ditches and open conduits in general are 
oftentimes inaccessible and no two jobs of construction 
can be handled in the same manner. 

This part of the report is a narrative of the experience 
of different companies on various open conduit -jebs., 
Much dependence is placed upon illustrations to deseribe 
the several types of construction plant used. It is prob- 
ably safe to say that no two jobs are alike and that much 
ingenuity must be used in each case. For instamee, one 
job may be easy of access at several points aleng the 
line by mountain roads, while on another it may be 
necessary to transport all the materials along the right- 
of-way itself. The report not only covers transportation 
facilities but also aggregate plants, concrete plants, 
forms, reinforcing and methods of placing concrete. 


REPORT OF 
THE SAN JOAQUIN LIGHT AND POWER CORPORATION 
ON 
CONSTRUCTION METHODS USED IN REBUILDING THE 
CRANE VALLEY CONDUIT 


N THE Crane Valley system, the San Joaquin Light & 

Power Corporation has some twelve miles of fiow conduit 
and in this distance nearly every conceivable type of con- 
struction is used. Many of the original designs were faulty 
and in many instances had failed to a point where replace- 
ments were necessary. Furthermore, nearly all of the con- 
duit was under capacity. Therefore, it was decided to re- 
build all the conduits to the proper capacity and, owing to 
the economic situation, use as much as possible of the exist- 
ing structures. Such a policy naturally involved some inter- 
esting problems. 

The concrete plant, transportation facilities and construc- 
tion methods in general necessarily had to apply to many 
different types of conduit section. There are several miles 
of box flume included in the total distance but it is thought 
well to give the above general description of the work in 
order to bring out the fact that the construction methods 
had to be fitted to the conduit in general instead of being 
especially designed for box flumes. 

The principal problem in flume construction is transporta- 
tation and a consequent problem is to decide whether to es- 





2 Prepared by H. K. Fox, H. Keesling, K. A. Reeder. 
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Fig. 1. Suitable rock was very difficult to obtain but small quarry 
sites were found along the line and crushing and screening plants 
built. The crushed material was hauled in yard cars and usually 
about three cars to a train. Long coupling rods were necessary in 
order to take care of the curvature. ; 





Fig. 2. Occasionally a comparatively level spot could be found of 
sufficient size to store materials, set up the mixer, and construct 
a Spur. 


tablish a central mixing plant or to set up a movable plant 
at strategic points along the line. Due to the nature of our 
work, we used a combination of both. 

We used narrow-gage railroads, the gage being 18 in. and 
the rail 12 lb. to 20 lb. Locomotives were built in the com- 
pany shops, using Ferd engines and a specially designed 
transmission. The track and rolling equipment proved very 
satisfactory. This was about the only possible means of 
transportation feasible on steep side-hill country. The road 
bed was located on the banks of the ditch, across the tops 
of the flumes and sometimes on trestles built for it, and was 
kept as close as possible to the work. Im general, concrete 
was dumped directly from side dump cars into the top of 
the forms. Flat cars were used for hauling cement, rein- 
forcing, lumber, form panels, etc. The maximum load with 
2 per cent grades was about five tons. This particular 
capacity fitted well with the capacity of 5-ton trucks which 
delivered materials to the railroad at any points where it 
was accessible. 

Panel forms were used almost entirely. These are a great 
saving, especially on fairly straight work. On curves, the 
cost is greatly increased, but there is probably some saving 
by using panels. 

Reinforcing was all fabricated in the field. A set of rolls 
made up of pipe was devised for straightening out mesh re- 
inforcing. The locomotives were used to pull the mesh 
through these rolls. It could then be handled and put into 
place very easily. 

No new gunite flume was constructed but several sections 
of old flume were rebuilt and enlarged in gunite. 


Concrete materials were obtained by quarrying rock along 
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the line and a simple crushing and screening plant was built. 
Electric motors were used in the plant. 

The general procedure was to start at the upper end of the 
conduit. By so doing it was possible to put in temporary 
sack dams at convenient points and allow the water to run 
down. To provide water for the mixer and curing of con- 
crete, a portable pump would be set up at the dam and 





Fig. 3. The frame of the mixer was mounted on wheels 

and axles and was therefore easily moved from one location to 

another. In setting up, it was jacked up off the wheels and moved 

to one side of the track. In some cases it was possible to find 

enough level ground while in others a platform was built over 
the conduit as shown. 





Fig.4. Side dump concrete cars were built on the job, using the 
running gear of steel dump cars commonly known as the Koppel 
type. 


a pipe line run out to the point ahead where the next dam 
would be built. 

The accompanying progress pictures will convey more in- 
formation regarding our methods then detailed description. 


REPORT OF 
PACIFIC GAS AND ELECTRIC COMPANY 
ON 
CONSTRUCTION METHOD USED IN BUILDING 
THE TAHOE FLUME 


The concrete bench flume which replaces the wood stave 
Tahoe syphon is located entirely on solid bench excavated 
into the hillside. Above the bench and paralleling it is a 
road constructed at the time the bench was. excavated. This 
made the problem of pouring simpler than at the other 
sites. 

The concrete plant was located 200 ft. below the down- 
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stream end of the flume, the site being governed by space 
on the canal berm available for storing of concreting mate- 
rials. The mixer was sufficiently elevated to allow a steel 
dump body Ford truck to back underneath the delivery spout. 
The steel body of the truck was fitted with an end gate from 
which the concrete was allowed to spout directly, in the case 
of the floor pour, or into the concrete buggies when the 
walls were being poured. 

Details of construction were as follows: After the bottom 
of the bench had been properly surfaced, header boards were 
carefully set to line and grade on each side. The rein- 
forcing for bottom and side walls was next placed for a 
section several hundred feet long. Over the steel, two run- 
ways were built to form tracks for the Ford truck to run 
on. Concrete was dumped from the mixer into the truck 
body, hauled down an incline to the flume grade and along 
this grade to the end of the section, where the steel was in 
place. Here the truck turned around and backed 200 ft. 
over the runways to the point of pour. 





Fig.5. Spurs and sidings were provided in the track wherever 
possible and trains hauling concrete had right of way. 





Fig.6. In some places the track was laid on the cross ties of the 
flume trestles and to distribute the load long trains were used. 


Here the concrete was spouted directly from the steel 
body of the truck. On being emptied the truck returned 
to the mixer. Meanwhile a second truck was loaded and on 
its way to dump. Railroad spikes to hold the steel wall 
forms were set in the floor before the concrete hardened. 

After a section of steel forms was ready for concrete a 
runway was built over the top of it, but entirely independent 
of it, so that no vibration would be communicated to the 
walls while hardening. Concrete was hauled over the road 
constructed along the flume in 1-ton Ford trucks to the 
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TABLE I—uUnit Costs 











Per Cu. Yd. Per Cu. Yd. 














Excavation Concrete 
Total Costs (12,000 Cu. Yd. (814 Cu. Yd. 
Total) Total) 
*Excavation: 
Be wo dd anhaddeune $6,690 .17 $0.558 $8 .219 
Miscellaneous. ....... 1,006.88 0.082 1.237 
———._ $7,697.05 — $0.640 ———_ $9 .456 
Forms: 
Bs babies oh wivien % 6 ok Fe ee 4.474 
lL umber (10,300 b. ft.) 292.50 nae 0.359 
Forms steel, 
Depreciation....... 432.00 0.531 5 
Miscellaneous. ....... 662.38 0.814 
— $5,029.07 $6.178 
Concrete: 
BME wd ind ene ctuur $6,842.15 ce $8 . 406 
Transportation. ...... 6,462.20 7.939 
Cement (4,732 sacks).. 3,777.92 4.641 
Rock (728 cu. yd.).... 1,899.60 2.334 
Sand (435 cu. yd.).... 341.21 = ans 0.419 
Steel (126,748 lb.).... 3,223.07 oa ate 3.959 
Miscellaneous. ...... 1,605.19 oF 1.972 
—_ $24,151.34 : - $29 .670 
$36,877 .46 $45 304 
*—<A gasoline shovel was used for excavating the bench. The miscellaneous 
costs shown above include transportation expenses; loss, depreciation and main- 
tenance of tools and equipment; stores expense, and supplies consisting of 
blasting caps, fuse. powder, gasoline. 





Fig.7. The floor of the ditch was placed first, but experience has 
indicated that it would be preferable to make the section mono- 
lithic. A very dry cement was used and common labor was em- 


ployed to place and finish it. 





Fig.8. At this point it was impossible to build the track on the 
upper side of the work. The mixer was located as near as pos- 


sible and the concrete buggied out to the horns. 
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section to be poured. Here the concrete was emptied into 
6-cu.ft. buggies and deposited in the steel forms. 

Up to 100 ft. of wall forms (50 ft. of flume), were set up 
and poured during a 10-hour shift. Some cost figures are 
shown below. 

The transitions and a short seetion of flume were not 
constructed until May, 1928. Wood forms were used for 
this purpose as the metal forms were being used at flumes 
No. 3 and No. 5. 

Fig. 13 shows construction details of flume. 


REPORT OF 
PACIFIC GAS AND ELECTRIC COMPANY 
ON 
CONSTRUCTION METHODS USED IN BUILDING 
A GUNITE FLUME 


The Cross-over canal of this company is located in Nevada 
County and conducts water from Lake Valley reservoir to 
the Drum canal. The gunite fiume is located on the west 
slope of the mountains about 1% miles northeast of Emi- 
grant Gap and is at an elevation of about 5,100 ft. 

The style of conduit was decided upon for the reason that 
the 2,031-ft. section of the canal passes over a volcanic asi 
formation which would not have made a good earth ditch, 





Fig.9. Box flume forms and steel. The panels and bracing were 
assembled in a definite order and were held together by bolts. 
About 300 ft. of form was used to provide a 100-ft. pour. 





Fig. 10. Transitions from box flume to trapezoidal ditch sections 

were standardized so far as possible in order to use panel forms. 

These forms could be hauled on flat cars from one point to an- 
other and proved very satisfactory. 
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and also to get some first-hand information about gunite 
structures in snow territory. 

The accompanying sketch shows a cross section of . this 
conduit. It is a bench-type flume 4 ft. wide inside by 8 ft. 
3 in. deep, made of reinforced gunite having walls and 
bottom 2% in. thick, and built on a 6% ft. bench. 

The sand and cement was hauled by truck from Emigrant 
Gap to the foot of the hill below the bench, and a 1-cu.yd. 
bottom dump wagon hauled by a Caterpillar Thirty dis- 
tributed the required amounts in stock piles along the bench 
at approximately 150-ft. intervals. 


Flexible wooden panels fifteen ft. long were built at the 
site for the outer sides of the walls. 


The gunite was placed under contract with the following 
conditions written into the contract: 


The owner will handle at their own cost and expense: 
The necessary grading, preparing the bench and grade and align- 
ment stakes. 


Room and board at their camp at the Gap at $1.50 per day for 
our operators. 





Fig. 11. This section is primarily a lined ditch with a vertical 

concrete wall on the down side. The old lining failed and it was 

prepared for a new lining and also the wall raised. One of the 

problems was to prevent crowding at the point where the ditch 

lining joins the wall and this was done by preventing a bond 
between the new and the old work. 





Fig. 12. Tahoe flume, Pacific Gas and Electric Company. 
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SPARE 








All cement and sand, reinforcing rods and wire, delivered and 
distributed along the line of flume on the bench. 

Gasoline and oil for the compressors. 

Air compressors to be located at the foot of the hill, the neces- 


sary air pipe line to run from the compressors up the hill and 
along the bench. 


Construct side forms for 350 lin.ft. of flume. 
Supply any necessary stakes and bracing. 


Moximum WOW 


2 Loyers of Mesh 32" Uy 


top I layer of 
mesh here, 


—S$/ope opprox f / 


Wire bors securely 
with #4 wire /oops 


T 
” Provide 6'Tile drains 


; os regured 
—Ploce rocks s - 


around ororrt 


gina! Surlece 


GUNITE FLUME 
4 43 Mix 


Fig. 14. Contsruction details of gunite flume, 1:4, mix, Pacific 
Gas and Electric Company. 


Supply all other materials that may be necessary. 

Supply rolls for straightening metal at the foot of the hill. 

Gasoline driven pump for supplying water. 

Water in the ditch at the head of the flume line. 

Cement gun and necessary material and water hose. 

The contractors will furnish at their own cost and expense: 

Necessary nozzles and liners and air driven water pump as 
auxiliary screen for mixing box. 

Will take delivery of the reinforcing mesh at the foot of the 
hill and will straighten and cut and deliver to the flume. 

Will furnish all labor to place all the reinforcing rods and rein- 
forcing mesh, to place and handle all the forms, to place all the 
gunite and to do all the curing and cleaning up of the job, also 
to cure the side walls under burlap for at least ten days. The 
side wall and bottom of the flume to be kept continually wet down 
fer at least ten days after applying gunite. 

Will furnish blankets for all of its operators. 

Will furnish all burlap necessary for proper curing of the sides. 

Will furnish transportation for all of its operators and any mis- 
cellaneous equipment 


We will do all of the work as outlined at a unit price of $1.80 
per lin.ft. of flume. 


The contractor placed the forms, the reinforcing, consisting 
of a 3x 3-in. wire mesh, and the gunite. The routine was 
as follows: 

One hundred and fifty feet of forms were set, the rein- 
forcing laid, after which the gunite was shot on, walls and 
floor slabs being placed at the same time. After a section 
had been shot, a metal screen was drawn along a guide 
nailed to the top of the forms. This took away uneven 
spots along the wall and formed the fillet at the base of 
the walls. The next day the forms were removed and a 
flash coat of gunite sprayed on the surface to cover any 


TABLE !!—Unit Costs 





Operation Labor Material Total Unit Cost 
Clearing 1.025 acres , 211.10 None 211.10 206.00 per acre 
Excavating 1,300 eu. yd... 1,544.45 50.75 1,595.20 {1.23 per cu. yd. 0.78 per 
Surfacing 2,031 feet 74.90 None 74.90 \ ft. bench 0.037 per L. ft. 
Hauling, spotting material 

and building forms 899.10 539.92 1,439.02 0.71 per ft. flume 
Placing forms ) Mise. 
Cutting and placing reinf.} Material 3,106.92 ‘ Mat. 1.53 do 
Shooting gunite Contract. 2,772.60 5,879.52 Cont. 1.36 do 
Operating ecmpress«r and 

laying air and waterlines 251.29 20.40 271.69 1.34 do 
Eng. Sup. and miscel. 652.50 i ; 652.50 


Total Cost of 2,031 ft..... 3,633.34 6,490.59 





10,123.93 5.00 per lin. ft. flume 
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rough spots. The walls were then cured for several days 


by means of wet burlaps hung over them and kept soaked 
with water. 


GUNITING TIME AVERAGES 


22 days total time contractor on job, equal to 92.5 ft. per day 
or 8.2 cu.yd. per day. 

18 days actual shooting time, equal to 112.7 ft. per day or 10 
cu.yd, per day. 





Fig. 15. Gunite flume, Cross-over canal, Pacific Gas and Electric 


Company. 
REPORT OF 
SOUTHERN CALIFORNIA EDISON COMPANY 
ON 
DISTRIBUTION OF MATERIALS AND CONSTRUCTION 
METHODS 


1. General Plant Layout— 


(a) Flumes are generally located in remote regions and 
tent camps are required for housing the men. 


(b) Tent used as office for foreman, timekeeper and ma- 
terial man (latter two jobs usually done by one man). 
Portable blacksmith shop for sharpening steel and 
general work is the only shop required. 

(c) Jobs are too small for extensive plant for fabrication 
or erection of flume on our system. 


2. Receipt and Storage of Materials— 


Materials are all checked at rail head and are hauled 
by truck to flume site where storage yard is made if 
necessary for sorting and segregating such material as 
steel and wooden flume supports, metal flume sheets and 
lumber. Generally all material is stored as near the 
flume site as possible and ‘distributed on the initial de- 
livery as much as nature of the terrain will permit; 
cement is stored in existing buildings, or in tents or din 
open, covered with canvas. 


co 


Excavation— 


As our flume work has consisted practically entirely in 
the replacement of old wooden flumes and syphons with 
metal or concrete flumes on the same location, there has 
been little excavation required. This excavation consisted 
of slight changes in grade and alignment and the excava- 
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tion for piers and bent footings. This has been prac- and compacting of concrete under vibration. In the 
tically all done by hand with only a small amount of team tunnels where the haul exceeded one-half mile, it 
work. was found that the concrete was so compacted that 
an air jet had to be used to loosen and dump the 
concrete. Later, a type of bottom dump car was 
devised which allowed hauls over a mile to be made 
without experiencing any difficulty in unloading. 


. 4. Material Distribution Along Flume— 

(a) Narrow Gage Railroads—Corral Creek Flume—A 
narrow-gage track consisting of 12-lb. rails was laid 
on top forms. Ford engines with regular transmis- 


sion and chain driven cast iron flange wheels were (b) Other Means of Transportation—As noted under sub- 
used at first to be replaced later with electric mine division 11, where roads exist materials are delivered 
locomotives. Side-dump hopper cars were used with along the flume on the initial delivery; otherwise 
vertical sliding doors. As the haul did not exceed materials. are hauled by truck as far as roads per- 
1,500 ft., no trouble was experienced due to settling mit and are then distributed by other means. On 
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Fig. 16. Concrete plant, Camp No. 5, Southern California Edison Company. 


May 15, 1930 — Electrical West 387 








eee oe ere so ES ~ : SE esa  mnmemanagenpee tm 


‘Kuvguo “osipy 01u40f30 “sayinos ‘aunyf pasaaor pun ,.(],, 914894 ‘syuaq 40f spimjap <s]D}saj0UE 40f wmpssoip woiyngrsysiq] “17 ‘Sty 









O/++ 
0 a7sies rising Was SHILA Weal 
presen fv SPH e's wy cumag } <0 eoumITZ ow nag § 40 aout] 
—_—_—_———- 0:8 Sw&r—"r sp heya pe yest 


d ay apo pp yur] | 
a a ey ee 0.0% Ge wag aT Naipaye PORT PSS 









ener 


wnses eapocredas- 


—+——>3—1 






Siew 
rT te voy 
' ; Beer yhoous puoragger yet wyasoees jywn 40 hap 





Od MPOgD pumgt ay Panay AY {Meal ywOg WML [Ore 

sayy of Yuan aay a0 buijpoas soquen buy mugsues Sopue 

PNT SY PILETL AOS TULID smys Deumi yo worganapreen wef Suisse) His? O4 prpwaint 
51 42ays bay wo umays FO yung 2 cae, yo angi ma FO, PY L 

ew 





¢ 






-_ 





01+ 1S 
WON Oa TIL s NIT WW 4AD 
“ 
setg Caumee) 40 svw.sg 












92, wag yo jane > * 
a pumas weny yo" | 
wor wag ecg aw paw areveed seni | 
a eee whe cobb r 0:0 S09 vray a7 | 


294 ut fT | I 
pone 
| 


< eg @ 8 <p) t ; 
-i_ 
» 








cong ord of OF we WAHL w 


792 0 2109 +) 9 F 
». 





sam PY dt 199 #8 hiayd-ted pumas apriong? 
es wag poryde Pa veg nas pee pied ave Fo 2 
parm’ og 4) Cer 1 Joh RYs Bete Ja sodas. 
posagay 40 sued yo Byuo anne a saydy ie 
Off, 31 PI? a) <0 sang mar (9) 404% HOD IY 





‘neyer 0 enere p 
Piaiybe 4] OF 4 GE 





mM re4 suai ie \ 
A ay Oat 
Tiled a I wy 


¢ . 
: wo 
Ser gs 404 Mly oF “fT 


ve ty 
"A, 
ogmuns I} éf 
Je | 
| 
























2 








(\ 
pes geulehe 
Abmae 1009 jin yy 
2201, At OC / t 
7. 

\ 4 
eel 0 & Fs . 
e  . 3 5 
mas | 








Of, (HHUAL 





— —-; raT~ a - - se7 , rm — —_ - - — i — 0: por l- yrs woke 
| | i 





we/> rng ante) y 
syeey bumumey, 





—— = — . a T — 7 —e— wT a ae - W wT ' ee P 7 Ca aT 
a le J | ie ea = - _ + . + — - 2 = Catiaaines pus ID 
ee -= gi 7 z | : 








_——— 
z 

g 

| 

! 

| 





aS GI 





















—ar ae | aT aya on weDaDS ; coated 
POUT TVS TE #51 on} one err —— ences ~———_—. hed 
Hewes aiel Th ae er 5 (abana dy) yotiaaap wacaie afi 






- s - =~ 60- - =e" 15 24% SVL pracerarar see Wwayaet A94se 4 “44 
eo nero ph and aus hood Pur puts Phihg ‘wewa? YRIAG Aiiad fy | PRD Y At WUOYIIE 2L/SOAE P PLAS AO J 
— cay cadaad beieroyas wi pare AaeMee? My 61 Pauly jelsaed jo pero y 








Electrical West — Vol. 64, No. 6 





one conduit about six miles long made up mainly 
of tunnels connected by short sections of wooden 
flume where no means of access except a narrow 
trail existed, the flume materials were delivered by 
truck to both ends and were then distributed, using 
small trailer wagons on 14-in. wheels with a capacity 
of 2,000 Ib., hauled by cut-down Fordson tractors 
operating through the tunnels and the wooden flumes 
before the latter were dismantled. On this same 
job gravel for concrete footings and for transitions 
from flume to tunnel was hoisted at two points 
from the river bed 200 to 400 ft. below the fiume 
bench, using cableways operated by small gasoline 
driven hoists. Considerable material was also packed 
by mules and burros on this job due to the neces- 
sity of getting as much work done as possible before 
turning the water out of the flume and in order 
to cut the shutdown of the power plant to as short 
a time as possible. The Fordsons worked out very 
satisfactorily for hauling through the tunnels and 
the job was completed in scheduled time. 

On another job in similar country where there 
was not sufficient room for truck operation, a small 
tractor was used to haul material along the flume 
bench on an orchard wagon or a sled. On a portion 
of this job a cableway about 500-ft. long operated 
by gasoline hoist was used to hoist all materials 
to the flume bench from which point distribution was 
made similarly to above. 


5. Central Concrete Plant— 


The concrete plant at Corral Creek was located 
on the tunnel dump, adjacent to the flume line and 
was used for concreting the adjacent tunnels as well 
as the flume. Rock from the tunnel dump was 
crushed to a maximum size of 1% in. in jaw crush- 
ers and elevated to rock bin. Sand was obtained 





from the river and hauled a distance of two miles 
in dump trucks, unloaded into bin, and hoisted to 
hopper in rock bin. 


Concrete was mixed in %-yd. mixers in shed 
located. above and to one side of track on flume. 
Four cars constituted a train and sidings were 
installed and several trains used to keep mixer run- 
ning continuously while concrete was being poured. 


6. Forms— 


(a) Corral Creek—Wood bents were erected to support 
track. These were independent of flume forms in 
order that vibration should not affect concrete set- 
tings. Metal forms in small panels were used for 
lining tunnels and, as there was only a short length 
of flume, it was decided to use these for flumes 
also. They were not satisfactory, as the small sized 
panels proved uneconomical to handle. 

On account of their weight, it was found imprac- 
tical to handle the interior forms and they were sup- 
ported on small precast concrete blocks, which were 
left in as part of the floor. Forms were coated with 
linseed oil each time they were used. A very smooth 
concrete surface was obtained. 


(b) Miscellaneous Flumes—Wood panel forms, interior 


form suspended, have been used on several short 
length concrete flumes. 


7. Reinforcing— 


(a) Corrall Creek—Steel delivered to job unbent. Bend- 
ing table with template and pins used. No record 
of costs available. 

(b) Miscellaneous Flumes—No mesh reinforcing has been 
used in flume work. 

Fig. 16 shows concrete plant layout and Fig. 17 
details of construction for Corral Creek flume. 


INDUCTIVE CO-ORDINATION COMMITTEE REPORT 


The personnel of the inductive co-ordination committee 
was divided into four subcommittees, each of which was 
provided, so far as possible, with representation from 
each company. The subjects assigned to these subcom- 
mittees comprised the program for the year. Reports 
and discussion of the subjects assigned constituted the 
programs of the committee at the Engineering Section 
group meetings. 


_ subcommittee organization and program of the in- 
ductive co-ordination committee for 1929-30 follows: 
1. Inductive co-ordination— 





7H. S. Lane, Pacific Gas and Electric Company, chairman. F. B. 
Doolittle, Southern California Edison Company, vice-chairman. 
Coast Counties Gas & Electric Company: F. D. Beardsley. 
General Electric Company: O. A. Gustafson, J. F. Spease. 

Great Western Power Company: G. H. Hagar, Arthur Scott. 

Los Angeles Bureau of Power & Light: H. H. Cox, O. W. Holden. 


lows Angeles Gas and Electric Corporation: C. B. Judson, E. R. 
Northmore. 


Pacific Gas and Blectric Company: C. C. Campbell, L. J. Corbett, 
R. R. Cowles. 


Pacific Telephone & Telegraph Company: D. I. Cone, Stanley Rapp. 


San Diego Consolidated Gas & Electric Company: K, B. Ayres, A. 
S. Glasgow. 


San Joaquin Light & Power Corporation: H. N. Kalb. 
Sierra Pacific Power Company: E. D. Brown. 


Southern California Edison Company: R. B. Ashbrook, J. O. Bin- 
ney, R. G. Boyles. 


Southern California Telephone Company: G. E. Nott, M. A. Sawyer. 


Southern Sierras Power Company: C. M. Lindsley, E. Y. Porter, 
H. J. Schomberg. 


Westinghouse Electric & Manufacturing Company: A. W. Copley, 
W. F. Grimes. 
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(a) Discussion of proceedings of national inductive co- 
ordination committee. 


(b) Discussion of proceedings of the national joint 
development and research subcommittee. 


(c) Discussion of the general situation respecting in- 
ductive co-ordination in this territory, including sig- 
nificant current cases, joint planning, operation of 
GO 52, effects of power apparatus design and ap- 
plication, etc. 


2. Power Company Communication Systems— 


(a) Discussion of general requirements and problems 
of power companies for general business and oper- 
ating communication facilities; scope and applica- 
tion of available systems, viz: privately owned tele- 
phone and telegraph circuits, printer circuits, car- 
rier and space radio channels, etc., and communica- 
tion company owned leased and exchange circuits, 
etc. 


(b) Survey and discussion of character and extent of 
privately owned systems, including general construc- 
tion practices for line (wire and cable), protective 
and terminal equipment, signaling, phantoms, car- 
rier chamuels, space radio, etc. 


(c) Discussion of special equipment and methods, in- 
cluding development or application of devices for 
protection, signaling, amplifiers, etc., superimposed 
signal or control circuits, testing equipment (par- 
ticularly for “hot” lines), new apparatus sub- 
mitted by manufacturers. etc. 
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(d) Discussion of operating methods: including opera- 
tion, control and authority; routine for construction, 
maintenance, repairs, inspection, testing of lines and 
equipment, etc.; records; reliability of service; allo- 
cation of communication expense. 


8. Radio Co-ordination and Complaints— 


(a) Discussion of general methods, personnel organi- 
zation, equipment, records, co-operation with other 
interests, training of service men, local and state 
laws and regulation, etc. 


(b) Summary and classification of complaints, costs, etc. 
(c) Discussion of specific cases, problems, equipment. 


4. Joint Subcommittee on Common Primary and Secondary 
Grounded Neutral— 


This subcommittee will continue its present program 
with its established personnel. 


The committee organization and distribution of programs 
was effected early, so that the committee was able to take up 
the program outlined at the first meeting in September. 

At this meeting the status of the representatives of the 
telephone companies, as associate members of the assocation 


and therefore fully accredited members of the committee, was 
made clear. 

In connection with the report of the subcommittee on 
radio co-ordination and complaints, George H. Curtis, man- 
ager of the Pacific Radio Trades Association, addressed the 
committee, outlining the co-operative method of handling 
complaints in the San Francisco Bay area and the results 
obtained. 

In connection with the discussion of the common grounded 
neutral, Major Bennion addressed the meeting. He outlined 
the progress of the joint D. and R. project committees and 
incidentally gave some interesting side lights on the work 
and aims of the national headquarters staff and relations 
with the communication interests. 

At the Los Angeles meeting in January G. R. Walters of 
the Radio Trades Association of Southern California spoke 
on the operations of their interference department, the co- 
operation of the utilities, their plan of training service men, 
the effect of local ordinances, and the gratifying results 
obtained. 

In general the discussion at the meetings followed quite 
closely the program outlined. . Minutes of.each meeting in 
comprehensive detail were distributed to all committee mem- 
bers. The attendance and interest shown by both committee 
members and visitors were quite gratifying. 


METER COMMITTEE REPORTS’ 


A pplication of 5-Ampere Meters to 
Modern Lighting Installations* 


REAT improvements. have been brought about in watt- 

hour meter construction during the last few years. The 
older types of meters, for instance, had a considerable droop 
in the characteristic curve on loads greater than 100 per 
cent. This droop has been almost eliminated up to 250 per 
cent on the modern meter. 

The number of appliances used in the average residence 
is gradually increasing and when a number of such appli- 
ances are connected at one time the ordinary 5-amp. meter 
used on residence loads is undoubtedly overloaded. At such 
times it is reasonable to suppose that the older types of 
meters will run slow. 


In order to determine to what extent these meters register 
slow a test was conducted on a number of installations in 
the following way: 


2J. C. Abel, Pacific Gas and Electric Company, chairman. W. A. 
McMeekin, Los Angeles Gas and Electric Corporation, vice-chair- 
man. 


Coast Counties Gas & Electric Company: W. R. Van Bokkelen. 
Duncan Electric Manufacturing Company: A. F. Blecksmith. 
General Electric Company: Fred Garrison, W. C. Smith. 

Great Western Power Company: W. G. Knight. 

Leeds & Northrup Company: L, E. Emerich, 

Los Angeles Bureau of Power & Light: J. C. Albert, L. H. Ellerman. 
Los Angeles Gas and Electric Corporation: W. A. McMeekin. 
Midland Counties Public Service Corporation: D. D. Smalley. 
Pacific Gas and Electric Company: N. P. Carlsen, R. Crowell, E. 


M. Hart, E. L. Hughes, Otto A. Knopp, W. N. Lindblad, R. 
C. Seagren, G. H. Searle, L. D. Tycer. 


San Diego Consolidated Gas & Electric Company: W. H. Talbott. 
Sangamo Electric Company: J. G. Monahan, L. A. Nott. 


San Joaquin Light & Power Corporation: G, A. Collins, C. F. Gil- 
crest. 


Schweitzer & Conrad, Inc.: H. M. Thomas. 


Southern California Edison Company: L. H. Beebe, L. L. Conrad, 
f H. Dorsey, E. Ealson, W. R. Frampston, F. A. Redding, J. 
. Vivian. 


Southern Sierras Power Company: R. G. Jones. 


Westinghouse Electric & Manufacturing Company: J. E. Bridges, 
W. F. Grimes. 


Weston Eiectrical Instrument Corporation; J. H. Southard. 
* Report of subcommittee on application of 5-amp. meters to mod- 


ern lighting installations, meter committee, Engineering Section. 
W. N. Lindblad, chairman. 
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A total of 56 residence loads, each of which had. 5-amp. 
meters, and major appliances of one kw. or over, were 
selected. A modern type meter, after being tested and 
adjusted correctly, was connected in series with the installed 
meter in such a way that one meter did not register the losses 
of the other meter. The installed meters were of various 
types. Both old and new meters were read at intervals over 
a period of eleven months from March, 1929, to February, 
1930, and the readings of old and new meters compared. 
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APPLICATION OF 5 AMPERE METERS TO 
MODERN LIGHTING INSTALLATION 









Fig.1. Application of 5-amp. meters to modern lighting installation 
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RESULTS OF TEST 


(a) Total kw.-hr. (56 old meters) ..............-......0-cce---ecesceseeseeenee 27,263.8 
(db) Total kw.-hr. (56 new meters) ..........---....-20......--cccscccoesseee 27,312.2 
(c) Total gain, kw.-hr. (new meters over old)...................---.- 48.4 
CI. Fr I lh ac eeciestennliin + 0.18% 
(e) Average gain per consumer per year—kw.hr.................-- 94 kw.hr. 


From the results it would seem that the actual average 
loss suffered, which might be corrected by installing a modern 
type of meter, is very small. The way in which this error 
varies with the season of the year is shown in Fig. 1. This 
curve is obtained from twelve representative meters which 
were read monthly. 


Current Transformer Meters* 


The result of tests comparing the performance of the 
new 2.5-amp. meter and the 5-amp. meter for use with 
current transformers. 


HE 2.5-amp. meter for use with current transformers is 

now available. A comparison, therefore, between it and 
the 5-amp. meter is desirable. One meter manufacturer defi- 
nitely recommends its use in preference to the 5-amp. meter; 
two others will supply it but so far have not recommended 
its use. 

To secure good accuracy on very light loads, the tests 
described herewith were made with a variable ratio current 
transformer. Two rotating standards were used, but tem- 
perature compensated and calibrated after potential had been 





* Report of subcommittee on current transformer meters, meter 
committee, Engineering Section. G. A. Collins, chairman. 
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Fig. 2. Comparison of meters of manufacturer No. 2. 
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applied several hours. Potential was off the standards only 
in the short interval in which readings were being recorded. 
By changing the series-parallel connections of the primary 
of the current transformer the rotating standards received 
5 amp. at the 0.25, 0.5, 1.0, 1.25, 1.6667, 2.5, and 5.0 amp. 
points on the load curve of the meter under test. Therefore 


Fig.3. Comparison of meters of manufacturer No. 3. 


the load curve of the standards did not enter into the above 
noints. With the current transformer connected 0.25 to 5.0 
amp. (1 to 20) the curves were extended down to 0.05 amp. 

The results recorded are the average of two meters of 
each make. Each meter was adjusted to give what was 
thought to be the best curve. The lower end of the curve 
can, of course, be changed by the light load adjustment. If 
the meter represented in Fig. 1 is adjusted to have a regis- 
tration of 102 per cent at 0.05 amp. instead of 105.1 per cent, 
the curve has a pronounced dip between 0.1 amp. and 1.0 
amp., reaching a low point at 0.25 amp. where the registra- 
tion is 99.1. The meter in Fig. 2 differs from the other two 
in the effect of the light load adjustment on the lower end 
of the curve. If this meter is adjusted to 100 per cent at 
0.05 amp. and at 2.5 amp. there is no point between where 
the registration is lower than 100 per cent. Fig. 3 shows 
the only one of three 2.5-amp. meters that has a satisfactory 
registration at 5 amp. 


Courses for Metermen* 


An additional advanced course for those metermen 
who already have completed the two preliminary courses 
has this year been provided. Two schools were held, one 
in Berkeley, May 12 to 17, and one in Pasadena, March 
24 to 29. 


— courses for metermen have been fostered by the sub- 
committee on education of metermen this year. The first 
of these is the seventh annual short course for metermen 
which is to be held at Berkeley, May 12 to 17, inclusive. 
The work will be under the supervision of Prof. T. C. Mc- 
Farland, assistant professor of electrical engineering. Those 
attending the course will be divided into three groups—‘A”, 
“HR” and “¢. 
BERKELEY COURSE 
“A” Group— 
The work of the “A”group will consist of such subjects 
as fundamental units, electric circuits, magnetism and elec- 





* Report of subcommittee on education of metermen, meter com- 
mittee, Engineering Section. L. D, Tycer, chairman. W. A. Mc- 
Meekin. 
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tro-magnetism, the induction principle, principles of alter- 
nating current, the theory of the induction meter and the 
study of electrical indicating instruments. This course is 
intended to supply training for the metermen who do our 
every day meter work. 


“B” Group— 


The work of the “B” group will be designed for more 
advanced metermen with the presumption that they shall 
already have completed the group “A” work. The course 
will consist of the following subjects: stroboscopic method 
of watthour meter testing, vectors and their application to 
metering problems, kva. measurement and its importance in 
connection with the recent rulings of the California State 
Railroad Commission, instrument transformers, checking con- 
nections and diagrams for primary installations, and gen- 
eral analysis of metering installations. 

“C” Group— 

A still more advanced course for metermen is being added 
this year. Heretofore the work has been carried as far as 
« study of the application of relays, which was a part of 
course covered by group “B”. Group “C” this year will take 
up such subjects as: stroboscopic and other timing methods, 
vectors and their application to this line of work, kva. meas- 
urement, instrument transformers, induction principle, the 
single-phase meter, the theory of the induction relay and 
the application and testing of relays. 

In addition to the above mentioned subjects under the 
various groupings, topics of general interest will be pre- 
sented by specially qualified speakers. Among the subjects 
to be covered will be: application of vacuum tubes to light 
and power problems, electric rates, legal obligations of the 
metermen, moving pictures of the manufacture of indicating 
electrical instruments and oscillograph work. 


COURSE FOR SOUTHERN CALIFORNIA 
The educational work carried on in southern California 
this year consists of a similar course conducted at the Cali- 
fornia Institute of Technology, Pasadena, March 24 to 29, 
inclusive. This course follows the same general outline as 
that given at Berkeley, with the exception that the relay 
work will probably be handled with the meter groupings. 


Investigation and Tests on Various 
Forms of Relays* 


A subcommittee of the meter committee has been 
studying the operating practices of member companies 
as regards relay testing and special investigations of 
various types of relays. To obtain comparative data a 
questionnaire was circulated and answers received from 
five different companies. Questions and answers appear 
in the following paragraphs. 


N order to obtain a comprehensive view of what was being 

done by the member companies in relay testing and in 
special investigations of various types of relays, the fol-- 
lowing questionnaire was sent out: 

1. When the circuit breakers are aligned from east to west, 
and the relays on the board in the station are aligned from 
east to west, how do the relays line up with the circuit 
breakers? If a standard is maintained of A, B, C, is A 
the top, the left or some other place, or is there any con- 
sistent way of designating the relays on the switchboard? 





* Report of subcommittee on investigation and tests on various 
forms of relays, meter committee, Engineering Section. J. H. Viv- 
ian, chairman. 
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2. What test facilities are you using to test the relays? 
How often are they routined, who routines them, and how 
complete is the test? 

3. What has the company been doing in order to decrease 
the service interruptions caused by relay testmen and others 
working around the stations where the relay equipment is 
exposed? 

4. Have you had any new relay problems this year or 
any new designs which would be of help to any of the 
other companies? Have you had any experience with the new 
condenser type potential transformers used with relays? 
Would you be interested in hearing a report on one of 
these installations? : 

5. If you have adopted any standards or standard wiring 
practice which materially aid in relay operation and relay 
application, we would be pleased to have you include that 
in your report. 

The following answers which have been received will be 
of interest to all engaged in relay maintenance and relay 
testing: 


SAN JOAQUIN LIGHT & POWER CORPORATION’ 


1. The standard practice on our system is for the three 
single--phase relays to be mounted in a vertical row. The 
secondary leads of each phase are identified by individual 
colors. Like colors are then mounted in corresponding posi- 
tions for each switch. 

2. Relay tests are performed with auxiliary testing trans- 
formers to obtain the required current. Part of the tests 
are made over-all, including both current transformers and 
relays, while part of the tests are secondary tests only. As 
yet no rigid testing schedule has been established. The 
routine tests are performed by substation inspectors. 

3. Trouble of this character has been very infrequent as 
our practice is to remove switches from service before per- 
forming tests. 

4. We have had no installations of the new condenser type 
potential transformer for use with relays. However, a report 
of operating experience on this equipment would be very 
interesting. 

5. It has been made standard practice on our construction 
work to use cabled secondary leads with identified wiring 
for connections between current transformers and relays. 
This, we believe, facilitates proper connections and also 
reduces the possibilities of trouble in conduit runs which 
have eccurred in that type of installation. 


Los ANGELES DEPARTMENT OF WATER & POWER* 


1. In all of our new stations, the panels having the relays 
mounted on them are built directly back of the benchboard 
which carries the O.C.B. controls. The relays are mounted 
on the panels in reference to the position of the O.C.B. con- 
trols on the bench board. They are mounted ABC, top to 
bottom, or left to right, facing the panels. 

2. We have a relay test table in portable form, which is 
designed to make tests on all of our present types of relays. 
The relay testers also carry additional instruments to make 
cther than the standard routine tests. Relays on the 110-kv. 
system are tested every three months. The relays on the 
33-kv. system are tested every six months. All others are 
tested once a year. These tests are made by a special crew 
of men from the testing laboratories of this organization, 
under the direction of the relay engineer. All current, poten- 
tial, trip, interlock and auxiliary circuits are tested. 

3. Careful workmanship, rugged construction, selection 
and education of test personnel, have resulted in the reduc- 
tion of unnecessary service interruptions to almost a negli- 
gible number. 


1Prepared by C. F. Gilcrest. 
* Prepared by H. C. Gardett, 
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CODE FOR CURRENT TRANSFORMERS 


DESCRIPTION OF CIRCUIT 
CURRENT TRANSFORMER LEADS . A j RED 


a ae Ree 
* e _ BLACK 
_RED 


VOLTAGE TRANSFORMER LEADS 


” o 


ee “ ” | —BLuE 
nein - eee —|__ NEUTRAL _ ania 
BREAKER CLOSING WIRE — RED 


” _TRIPPING * H a —_ | — 


lois GREEN LAMP OR COMMON LAMPS WIRE” —_ ____GREEN 


__"____ EXTRA OR RED LAMP OR SIGNAL WIRE | _ —_— oe BLACK 
DIRECT CURRENT FEEDER 


J ee |) 


. NEGATIVE _| _ BLACK 
DIFFERENTIAL RELAY INTERLOCK TRIP CIRCUIT —_— GREEN 


TEMPERATURE ALARM CIRCUIT POSITIVE | No.1 | WHITE 
" . * NEGATIVE | a | BLACK 


CODING FOR COMMON BUSSING AS USED IN CONNECTION WITH SWITCHBOARD WIRING 


DIRECT CURRENT SUPPLY BUS POSITIVE WHITE 


ws NEGATIVE BLACK 
VOLTMETER BUS NO. | 


2 ; BLACK 
SYNCHROSCOPE BUS i WHITE RED 


2 BLACK 
FREQUENCY METER BUS BLUE WHITE 
“ “ ” 


. . 2 BLACK 
ALARM 68US ' WHITE 


- 2 BLACK 


GROUND BUS COPPER 


Fig. 1. Standard code wiring system of 


4. Our relay problems of this year have been the same 
as in past years. We have had no experience with the new 
condenser type potential transformers used with relays and 
would be greatly interested in a report on them. 

5. We have adopted a system of numbering all conduits, 
wires and sectionalizing test links, which aids materially in 
the operation, test, and maintenance of protective relay 
equipment. 


THE SOUTHERN SIERRAS POWER COMPANY* 

1. We have a system of lettering the relays by marking 
them A. B. C. from left to right and top to bottom, when 
facing the relays, but we do not make any effort to align 
them in the same manner as the breakers are aligned, as 
there are cases where the breakers are aligned in this man- 
ner, but where the phases do not enter or leave all breakers 
in the same rotation. 

2. We have bypass arrangements on all of our oil circuit 
breakers of 15 kv. and over and we make all of our tests 
by the over-all method. Our current values are all specified 
in primary amperes. We have a man who devotes his entire 
time to testing these breakers on an established routine and 
we have a card index system where we keep a record of all 
tests and relay operations. 

3. We have made no special or unique provisions for any 
service interruptions caused by relay test men other than 
to have all of our jumpers and leads of a distinguishing 
color so that they may be easily seen from the ground. 

4. We have several large relay installations coming up 
during the year but there is nothing in them which is nut 
standard practice. We have had no experience with the 
condenser type transformer and have not seriously considered 
using any of them. 





Prepared by R. G. Jones, 
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CODE FOR VOLTAGE TRANSFORMERS 


_____| ®8UP TO 100-"6 OVER 100" _| 
WHITE ‘ eae ¢ 


WHITE __ 


ar 


RED WITH WHITE TRACER | 
: s 





(3/we) 
(waite) 


(#ea) 


x Indicates polarity mark 


PHASE ORWIRE| CODE COLOR SIZE 


GENERAL NOTES 


a . 1 in the absence of proper tracer code wire, 

. aa the designated color of pire may be weed and 
colered bands about la wide painted areurs 
the wire a! each end in the corresponding 
trecer color. 

/a the absence of proper Code wire, any 
eveilable coler ef the proper s/te may be weed 
and the two ends pointed with the proper 
code celer for a length of at feast 2 inches 
(Ths practice te be limited Te inatences when 
i +6 unpessible fe ebtain preper coler code 
frem ether peints on system and general 
we shedld rat be made of it) 

Tals code applies porticularly te gaale. 
rubber Covered conductors with colered cover 
reid, as row made use ef or our system. 
® . 7 - ‘t. at same Tulare fire, we mote use of 
P standard mudticepduter contre! cables. 
the same coding will be adhered to in a7 
conductor metering cable and @ 4 canducter 
contre! cable. 





___AS REQUIRED 


I 


NO. 2 


si s\s\s 2 8 * 
s| ss) ssi sis) ae 


NM) #25) see) 8S 





The Southern Sierras Power Company. 


5. We have a standard wiring practice which is shown 
in Fig. 1. 


SAN DIEGO CONSOLIDATED GAS & ELECTRIC COMPANY‘ 


1. Our company has attempted to standardize on system 
layout by naming the horizontal station busses A, B, C, from 
east to west and north to south and vertical station busses 
A, B, C, top to bottom, and by considering the positive phase 
sequence voltages A, B, C, to be rotating in the counter 
clockwise directiop. When relays are mounted in a vertical 
line, phase A is on top, phase C is on the bottom. When 
relays are mounted in a horizontal line, phase A is on the 
left, phase C is on the right. No uniformity has been devel- 
oped for installations where two relays are mounted in a hori- 
zontal line with the third relay placed below the other two. 


2. Relay testing done on our system may be classified 
into two divisions, namely, monthly routine tests and cali- 
bration tests. 


Monthly routine tests are made on all oil switches that 
have bypassing facilities. This includes generating station 
auxiliaries, distribution feeders, as well as 12, 33 and 60-kv. 
transmission line switches. The test is primarily a physical 
check and in the field is performed in co-operation with a 
representative from the switch maintenance force (electrical 
repair department) and relay maintenance force (electrical 
meter department). In the two generating stations the test 
is made by the station electrician. Relays are energized by 
applying potential to the terminals of their current trans- 
formers and the complete tripping and reclosing sequence 
is performed—in the case of automatic reclosing mechanisms, 
until lockout occurs. The few important switches that have 
no bypassing facilities are given a detailed check when occa- 


‘Prepared by W. H. Talbott. 
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sion permits, usually after midnight in order to minimize 
discomfort to customers. 

Calibration tests are made on all new equipment before 
it is placed in service and after every revision of relay set- 
tings. It is proposed to make check calibrations every two 
years, at least, in the future, but at present routine has not 
been developed thus far. These tests include: 


(a) Attempt is made to adjust relays to operate correctly at 
theoretical settings obtained from standard curves. When this 
proves impossible, the time levers are set until a setting is found 
that will give the theoretical time desired. Complete secondary 
tests are then made which include minimum operating value and 
timing to (.01 second for relay currents 100, 200, 500 and 1,000 per 
cent of setting. Contacts are examined, cleaned and adjusted, and 
the auxiliary seal-in device is checked for operation at 2.0 amp. 
d.c. for d.c. trip mechanisms. We have found that the trip con- 
tacts on a.c. trip mechanisms tend to cause excessive arcing, and 
considerable care is given to insure proper adjustment and seal-in. 
(b) Oil switch time is taken on both opening and closing to 0.01 
second. (c) Current transformers are checked for polarity and 
ratio at 10 and 100 per cent rated current. (d) The control circuit 
test consists of tripping the switch by closing the relay contacts 
for all combinations to check circuits and determine possible feed- 
backs. This test also includes closing and opening the switch 
manually and by supervisory control. 


The equipment used in these standard tests consists of: 


Weston Ammeters, 0-2, 0-5/10, 0-50. General Electric cycle 
counter, Westinghouse cycle counter relay and a General Electric 
Type IRS single phase induction regulator. The instruments have 
been mounted on a special base and so arranged as to give a quick 
method of setting up for tests. 


3. Only such tests that can be performed with safety and 
without interruption are executed, unless conditions are con- 
sidered serious enough to warrant a complete shut-down. In 
such cases, the customers are notified and an agreement 
reached both as to time and duration of the outage. 

4. Early this year it was deemed advisable to establish a 
scientific method of determining relay settings in order to 
obtain selective tripping and minimize service interruptions 
by obliterating false tripping. The solution of the problem 
was approached by determining fault currents to be expected 
at the various station busses and setting the relays both in 
current and time to give correct tripping. 

To date we have had no experience with the condenser 
type potential transformer that you mention. However, we 
would be interested to hear of its successful application. 

5. We have attempted to standardize on a control circuit 
color code but the work has not progressed far enough to 
warrant special mention. 


SOUTHERN CALIFORNIA EDISON COMPANY® 


1. In our new construction we try to keep the control 
alignment similar to the switch rack. Our system rotation 
is C, B, A, counter clockwise. A is either the north or west 
bus, B the center and C either the south or east bus. The 
relays are mounted ABC, with A either the top or left and 
B the center. When two phase relays and one ground relay 


are used, the ground relay is either the center relay or is 
mniounted below the other two. 


Lead sheath control cable is used with brass markers on 
each end. Wires are all the same color. 

Standard markings are used such as C1, C2, Cs, C« repre- 
senting closing coil, trip circuit, light, and alarm, respec- 
tively. Other designations are used for special connections. 

2. Each current transformer has its own short-circuiting 
switch with test links. Each tripping circuit has a knife 
switch to make the switch solid. Special knife switches are 
installed in conjunction with short-circuiting switches on 
differential hook-ups. This switch makes the relay solid 


before either of the short-circuiting switches involved can 
be opened. 


‘Prepared by J. H. Vivian. 
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The 220-kv. station relays are routined every three months, 
twice a year by the substation department and twice a year 
by the shop and test department. The substation department 
gives a tripping test only by applying current and tripping 
the breakers. The test division is notified if any trouble 
is experienced. 

The regular routine tests are secondary only unless some 
trouble develops which looks suspicious and demands a more 
elaborate test. Differential current readings are always taken 
and power factor readings are taken on reverse power 
relays. Switches are actually tripped by means of switching 
load to other circuits wherever possible. By using the short 
circuiting switches and knife switches it is very seldom neces- 
sary to take equipment or lines out of service. 

66-kv. relays and rotating equipment are tested every six 
months, all other relays once a year. 

3. The first step along this line must be “education of 
relay testers.” This is accomplished by keeping before them 
“good service” at all times. Special testing devices and 
special tools are required to help the men to keep from trip- 
ping the wrong circuits when testing relays. 

It is also our policy to change wiring schemes if any sneak 
circuits develop or where interruptions are apt to be caused 
by various switching combinations. 

Th2 men are usually penalized to some extent if service 
interruptions are caused by carelessness on the part of men 
engaged in testing or maintenance. 

4. We have installed at one of our 66-kv. transmission 
substations three Ohio Brass condenser type potential trans- 
formers. In order to make a comparative test on them as 
to their value as potential transformers we connected the 
three condenser type potential transformers in Y-Y and con- 
nected CR relays to their secondaries. 


As the secondary volts are displaced 90 deg. from the 
line to ground volts in each transformer the proper phases 
were connected to give the same power factor readings as 
given on the CR relays. 


The following power factor readings were taken with cur- 
rent I, and a given potential from the standard potential 
transformers. See Fig. 2. 


70 volts, 83+ Lag with burden of Weston power factor meter 
and Model 155 voltmeter. 


70 volts, 83+ Lag with burden of above and 4 CR relays in 
parallel. 


70 volts, 83+ Lag with burden of above and 3 CR relays in 
parallel. 


OHO BRASS CQ CONDENSER -POTENTIAL TRANS 
70 WIGHT VOLTAGE LINE 


VATAGE RATIO OF TRANSE nef) 
VOLTAGE RATIO OF WURHABLE WIT? 


wr 
SECONDARY BURDEN 472// - 1100/7 





Fig.2. Ohio Brass Company condenser-potential transformer. 
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Fig.3. Normal connections and connections with Ohio Brass Company potential transformer. 


70 volts, 83+ Lag with burden of above and 2 CR relays in 
parallel. 


70 volts, 83+ Lag with burden of above and 1 CR relay in 
parallel. 


When the power factor readings were taken with the same 
current I, and the same corresponding phase of potential 
from the Ohio Brass condenser potential transformers, the 
following results were obtained: 


70 volts, 83+- Lag with burden of Weston power factor meter 
and Model 155 voltmeter. 


30 volts, 0 left with burden of above and 4 CR relays in 
parallel. 

35 volts, 17+ Lag with burden of above and 3 CR relays in 
parallel. 

45 volts, 35+ Lag with burden of above and 2 CR relays 
parallel. 


63 volts, 50+ Lag with burden of above and 1 CR relay in 
parallel. 


_ 


n 


Readings and voltage would not change with R” (see Fig. 
3) disconnected when CR burdens were used. Burden of one 
CR relay is approximately 25 volt-amperes at 70 volts. 

Only one phase is given above, but all phases were the 
same. 

The above readings indicated that Weston CR relays can- 
not be used in this hook-up because this particular design 
of condenser type bushing transformer cannot hold up to 
ratio and phase angle. 

The secondaries of the Ohio Brass bushing potential trans- 
former were then connected in delta. The potential coils of 
from one to four General Electric IC5 ground directional 
relays were connected in the corner of the delta. The cur- 
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rent circuit of the relays came from the secondaries to the 
current transformers in the 66-kv. line after they had been 
connected together to give the ground currents only. 

As the current and potential values were 90 deg. out of 
phase at unity power factor ground fault conditions in the 
1C5 relay, the leads were phased so that the current led 
the voltage by 90 deg. This was to allow the relay to have 
a good torque under conditions of trouble when the power 
factor was lagging in the fault with respect to the source 
of power. The IC5 relay has a volt-ampere burden of ap- 
proximately 35 volt-amperes. 

The secondary voltage of each Ohio Brass transformer 
was found to be 120 volts without the R” resistors in the 
circuit. With the high potential windings energized three- 
phase Y, the secondary voltages were exactly 120 deg. dis- 
placed. As the voltage was not too high and balanced, we 
attempted to close the delta first with a voltmeter only. The 
reading on the voltmeter, instead of being zero, measured 
between 80 volts and 240 volts (continuously swinging). 
Two of the transformers were arcing across their safety 
gaps while the delta was closed. 

The R” resistors were connected. This brought the voltage 
to 70 volts. across each secondary. The delta was again 
closed by use of a voltmeter. By adjusting the R” rheostats 
the voltmeter read between 25 and 40 volts (constant). 

The R” rheostat was adjusted so that the secondary voltage 
of each transformer was 57 volts. One IC5 relay was then 
connected in the corner of the delta and the voltage meas- 
ured 15 volts across the relay. Three IC5 relays were con- 
nected in parallel, but 15 volts still remained across the 
potential coils. 
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The trip circuits of the IC5 relays are only connected to 
a light and bell. To date we have not had any trouble to 
cause the IC5 relays to operate. 

We will report more information after the relays have 
had the opportunity of operating under fault conditions. 

5. In order to keep protection on the 220-kv. lines at all 
times we have installed duplicate sets of relays at all 220-kv. 
stations. A bypass switch is provided for each set of relays. 

Normally the current coils of both sets are in series, but 
either can be bypassed leaving the other set in service. Knife 
switches are provided so that either set can be made solid 
to either station bus as desired. To test the relays, one 
set is bypassed by opening the short-circuiting switch to it, 
and it is made solid to both busses by pulling the two knife 
switches in the trip leads (near the relay). The other set 
is still in service, giving full protection. When the sec- 
cndary test is completed, one knife switch is closed. The oil 
switches are closed to both busses and one switch will trip 
out when the relay is closed. This switch is closed again 
and the knife switch opened. The other knife switch is 
closed and the switch to the second bus tripped, thus com- 
pleting the test without at any time having the installation 
solid or out of service. 

It is estimated that this method will save from 20 to 40 
hours a year of unprotected operation at each station in- 
stalled. It is not being used in 66-kv. relay installations as 
yet, because of the flexibility of our 66-kv. transmission 
system. 


New Developments in Meters* 


This report is made up of statements from the leading 
manufacturers as to new developments in meters and 
allied fields, which are here presented without comment. 


GENERAL ELECTRIC COMPANY 
1-16 Meters— 
N order to round out completely the I-16 line and super- 
sede completely the I-14 line of meters, a two-wire, 100- 


amp. I-16 meter has been put into production, having the 
same base as the 15 to 50-amp. meters. 


D-15 Meters— 


Three-element polyphase meters with I-16 elements were 
put into production this year in the 15, 25 and 50-amp. sizes. 
These meters are known as D-15. 


Voltage Rating of Meters— 


Nameplates are being changed to “115 to 120” and “230 to 
240” volts rather than 115 and 230 volts. Meters are actually 
calibrated at 115 and 230 volts. 


= 


Protective Case for Meters Installed Out of Doors— 


To facilitate metering in exposed locations, a waterproof 
protective case has been developed for use with single phase 
meters. The box is provided with conduit opening and seal- 
ing device. 


Demand Meters— 


The M-14 demand register replacing the M-10 device is 
in full production. A number of improvements have been 
added to increase the safety factors in performance and to 
make the device more rugged. The most important change 
is the doubling of the motor torque and the mounting of the 
reset weight on pivot bearings. 





* Report of subcommittee on new developments, meter committee, 
Engineering Section. Otto A. Knopp, chairman. 


396 


M-13 Demand Meters— 


During the past year the M-11 demand meter has been 
considerably improved in operating characteristics and in 
the ruggedness of design and is now styled the M-13 meter. 
The chief improvement is in doubling the torque of the 
restoring coil and the provision of a cushioned armature 
stop to prevent chattering. Stroboscopic marks have been 
placed on the disk for timing purposes. 


Inspection of Meter Jewels— 


An interesting practical use of the cathode ray tube is that 
employed in the inspection of the meter jewels. Natural 
stones are separated from synthetic ones by passing the 
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Fig. 1. Wilson method of compensation for current transformers, 
General Electric Company. 


jewels under the rays of the cathode tube; synthetic jewels 
will not only fluoresce, but will remain phosphorescent after 
the excitation is removed, for some period. Natural jewels 
may fluoresce slightly, but will not phosphoresce at all. 


220-Kv. Metering Outfits— 


Four single-phase, 60-cycle, 220-kv. metering outfits have 
recently been built for an eastern company and given 540,000 
volts test. The windings are of the non-resonating type 
employing metallic shields. The tank is provided with a 
conservator. 


Current Transformers— 


The entire line of current transformers is being rede- 
signed to make use of the Wilson method of compensation, 
the letter “F” designating this feature in the type letter. 
This scheme of compensation employs a few extra secondary 
turns and a short circuited turn threaded only through a 
portion of the core. It is shown in the accompanying pic- 
ture. The extra turns are subtractive, the subtractive effect 
being greatest at light load with a consequent boosting of 
the secondary output. 


WESTINGHOUSE ELECTRIC & MANUFACTURING COMPANY 


Switchboard Indicating Meters— 


A complete line of indicating meters has been put into 
production. They may be mounted in containers, in which 
may be one, two or three meters placed either vertically or 
horizontally. The containers are attached to the back of the 
switchboard panel. The cover of the meters is of a single 
piece and mounted flush. These combination meters have 
illuminated dials which eliminate reflection and make a very 
neat appearance on the switchboard. Any combination of 
instruments can be supplied. 
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Covers for Switchboard Type Watthour Meters— 

A new style of switchboard type watthour meter cover has 
been put into production. Instead of the standard single 
piece glass cover, a multi-piece oblong shape cover has been 
developed, similar to those furnished for the type “RI” kva. 
meter and the type “R” graphic meters. 


Current Transformers— 


A new current transformer, type K-5, has been developed 
which will replace the type “KO” for high grade metering. 
The accuracy of the type K-5 is much improved over former 
types, such as the “KO.” These transformers will be supplied 
with a secondary terminal block and they will be interchange- 
able in mounting dimensions with the General Electric type 
WC-12. 

A type “NB” which is a dry type indoor transformer will 
supersede the type “KB.” This transformer will have a 
rating of 15,000 volts, 25 to 60 cycles and will have a capacity 
of 50 volt-amperes, compensated for 215 volt-amperes, 0.90 
power factor. Its appearance and mechanical features will 
match the type “NA.” 


A type K-25 will supersede the type “KC.” This trans- 
former will have a rating of 25,000 volts, 25 to 60 cycles, 50 
volt-amperes, compensated for 25 volt-amperes, 0.80 power 
factor. This type will be interchangeable in mounting dimen- 
sions with the General Electric type KC-109. 


A portable multi-range current transformer has been put 
into production, for precision laboratory work. This trans- 
former has 21 ranges. It is mounted in a walnut case with 
special selective dial switches, terminals, etc., mounted on a 
panel at the top of the case. The case has a cover so that 
all parts are enclosed when this is closed. Handles are placed 





Fig.2. CO relay, Westinghouse Electric & Manufacturing Company 


on the side of the case so that the whole unit may be lifted 
with case. This unit has the finished appearance of a labora- 
tory standard. The ranges run from 5/5 amp. to 500/5 amp. 
This transformer can be calibrated in itself by using the 
5-amp. range either in connection with the Silsbee set or by 
connecting the primary in series with the secondary and de- 
termining the difference with a detector wattmeter. 


CO Relay— 


The CO relay has been completely redesigned, incorporating 
many mechanical and a few electrical changes. The more 
important changes are as follows: 


1. The case of the relay consists of the base and removable metal 
ring, thus making all parts of the relay accessible and thereby 
making very easy assembly, inspection and repairs. 

2. A new type of contactor switch in which the possibility of 
accidental closing of the contacts due to their being struck when 
replacing the glass cover, is eliminated. 

3. A new shock-proof indicator, designed with a universal wind- 
ing, which eliminates two styles of operation indicators previously 
used. The target falls by gravity when released by a latch which 
is operative as soon as the coil is energized. 

4. A spring adjuster which permits an adjustment of the initial 
tension of the spiral spring, such that a tripping value of current 
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approximately 15 per cent above or below any tap value may be 
secured. 

5. An adjustment to the torque compensator which allows all 
relays to be calibrated to an engraved master curve for all relays. 

6. New terminals built up of micarta plate. Removable studs are 
used so that for use on steel panels, the wiring may be fastened 
to the relay terminals by means of filister head screws. 

7. Stationary contacts have been made more accessible and a 
decrease in the width of the time scale is an added feature. 

8. A longer and better connector block. 


Nearly all the features mentioned above are shown in 
Fig. 2. 


SANGAMO ELECTRIC COMPANY 
Type HC Meters— 


The development of the type HC fully temperature com- 
pensated meter has been extended so that now the complete 
line has been included. The outstanding new features of 
these meters are: 


Removable Terminals—The terminals are now removable and 
encased in a Bakelite moulding, and the designs have been made so 
that only two sets of terminals are required to accommodate any 
capacity single-phase and polyphase meter. For example, the 5 and 
10-amp. single-phase, and 5 and 10-amp. two-element, three-wire 
single-phase have interchangeable terminals, while all the larger 
capacity single-phase and all the polyphase, both two-element and 
three-element, have interchangeable terminals. 

For Use on Four-Wire, Three-Phase Systems—The two-element, 
three-wire single-phase HC meter has been developed in 5, 10, 15 
and 25-amp. capacities with the dimensions of the terminal chambers 
corresponding to dimensions of the chambers of the single-phase 
single element of equal capacity. This is designed primarily for use 
on two phases of a four-wire, three-phase system and may not be 
used on the 110/220-volt, three-wire, single-phase installations. 

Bottom Connected Polyphase—Both the two-element and three- 
element vertical polyphase meters are now built with the standard- 
ized bottom connected terminal arrangement, standardized both in 
dimensions and arrangement on all self-contained meters. 

Potential Indicating Lights—Potential indicating lights can be 
supplied on any vertical type two-element or three-element bottom 
connected polyphase meters. 

Upper Bearing—tIn the type HC upper bearing screw, a steel bear- 
ing is inserted and in addition the screw shank is recessed to pro- 
vide a dust cap. which extends over the sleeve in the spindle. The 
upper end of this spindle is recessed also and accommodates the 
bearing proper and provides in addition an oil reservoir so that in 
position in the meter the tip of the steel bearing is in contact with 
the oil in the oil reservoir. This combination provides a noiseless 
and efficient upper bearing, a dust cap and a reservoir with a suffi- 
cient quantity of oil to last for a long period of time. 


Instrument Transformers— 


A short-circuiting device for current transformers has been 
designed and will be supplied as standard equipment on all 
current transformers, except the K-15. When the cover is 
removed, the secondary is short-circuited. See Fig. 3. The 
core clamps of the type K-30 transformer have been rede- 
signed to accommodate this terminal arrangement and also 
to provide holes for pipe mounting and for general mounting, 
both in line with and at right angles to the primary leads. 





Fig. 3. Current transformer, Sangamo Electric Company. 
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Outdoor Meter Box— 


An outdoor meter box has been announced which will ac- 
commodate the standard type HC single-phase meter, pro- 
viding a comparatively inexpensive, yet rugged, housing for 
those who desire to mount meters outdoors. 


Type HB Register— 


In the type HB maximum demand register a slight modifi- 
cation was made in the construction. A roller is now em- 
ployed which rests on the resetting cams preventing wearing 
of the cam and requiring less power in operation. A helical 
spring is now used for resetting. In addition, a white pin 
has been included in the 40-tooth worm wheel, which meshes 
with the worm on the motor shaft to permit easy counting of 
the motor speed. 


Stroboscopic Testing— 


One hundred vision marks are stenciled on the top of the 
HC disks. These marks were placed on the disks for several 
reasons: first, to give a convenient division of the disk for 
calculation of percentage accuracy, for those who test meters 
in muitiple; second, to provide a means for stroboscopic test- 
ing at full load and overloads, and third, for testing required 
magnet strength at the factory. The factory arrangement 
for stroboscopic testing is simple and comparatively inex- 
pensive. Mounted immediately above the meter under test 
is an HC test meter with 100 slots cut in the disk in the 
corresponding position of the marks in the regular disk. A 
mirror, or prism, is mounted closely above the disk so that a 
beam of light can be thrown at right angles. A metal cover 
is used, a slot being cut in the bottom to permit the entrance 
of light rays, and right above and just to the front of the test 
meter is mounted a light. The light rays travel down to the 
disk of the meter under test and are reflected through the 
hole in the metal cover and then are reflected at right angles 
by the mirror, or prism, so that the operator standing directly 
in front can synchronize the meter under test with the slots 
in the test meter. 








DUNCAN ELECTRIC COMPANY 


Potential Indicator for Polyphase Meters— 


A mechanical device has been developed and put into pro-~ 
duction which indicates the presence of potential flux in any 
ef the elements of a polyphase meter. It operates from the 
flux of the potential coil. When the coil is excited, a target 
can be plainly seen. When the potential is off or the coil 
open, the target will drop out of view. 


Two-Element, Three-Wire Meter— 


A two-element, three-wire meter has been developed for 
measuring accurately the power taken from two phases and 
neutral of a three-phase, four-wire system, or for measuring 
three-wire single-phase loads where bad unbalance exists. 
The element of this meter is the same as the Duncan MD 
polyphase, but the termina! chamber has the same dimensions 
and arrangement as the small MD single-phase meter. 


Combination Meter— 


The combination consisting of one 5-amp., 115-volt, two- 
wire, and one 25-amp., 230-volt, three-wire meter, in one case 
and under one cover, has been put into production for use in 
places where two meters are now used, one for light and one 
for ranges. Any combination may be had up to and includ- 
ing 25 amp. 


LEEDS & NORTHRUP COMPANY 
New Type K-2 Potentiometer— 


This instrument, Catalog No. 7552, is similar to the stand- 
ard No. 7551 Type K potentiometer which has been manu- 
factured for many years. It is provided, however, with an 
additional low range of 0/16 millivolts, making it suitable 
for temperature measurements with thermocouples. Its two 
other ranges cover 0/1.6 and 0/0.16 volts. 

Of particular interest to metermen is a new feature sim- 
plifying the checking of wattmeters when both voltage and 
currents are to be read with the one potentiometer. A pair 


Fig. 4. Time interval apparatus, Leeds « Northrup Company. 
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of binding posts are provided, across which there is a con- 
stant drop of one volt. To these posts, through the customary 
volt box, is connected the load voltage. Through a suitable 
rheostat, this voltage is kept constant at such a value that 
a drop of one volt is obtained across the potentiometer 
terminals of the volt box. A four-pole double-throw external 
switch (or two double-pole double-throw switches) places the 
galvanometer and potentiometer in position for the current 
measurement or the voltage check. Since no adjustment of 
the potentiometer is necessary for the voltage check, virtu- 
ally simultaneous voltage and current values are obtained. 


“Watchdog” Potentiometer— 


This instrument provides a means of maintaining accur- 
ately a constant voltage when checking wattmeters. The new 
type K-2 potentiometer described above, already includes such 
a feature, but the older design potentiometers do not. 

The “Watchdog” potentiometer includes a standard cell dial 
and a rheostat for maintaining constant current in the poten- 
tiometer circuit. It is intended for use with the standard 
No. 7581 volt box, and has steps marked 100, 105, 110, 115, 
and 120 volts. Twice any of these values can also be used. 


Lamp and Scale— 


Coincident with the development of the new potentiometers, 
a new lamp and scale, No. 2100, has been produced, replacing 
the No. 2109 unit. The newer device differs from the older 
one in that it utilizes a four-volt lamp instead of a 110-volt 
lamp, and a new focusing arrangement provides simpler and 
more rapid adjustment of a clear cross-hair target. 


Two-Stage Current Transformer Test Set— 


Development has been almost completed of a portable in- 
strument similar in appearance to the present No. 7150 
Silsbee set, for checking the characteristics of two-stage cur- 
rent transformers. 


Improved Rosa Curve Tracer— 


An improved form of the well known Rosa curve tracer 
has been developed which permits very accurate and very 
rapid determination of complex wave forms at the highest 
frequencies. 


Time Interval Apparatus— 


This equipment is not new but has never been listed in the 
catalog before. Fig. 4 gives a good representation of the 
various items of the equipment. The purpose of the ap- 
paratus is to provide means for accurate timing in the 
laboratory. 


In the left foreground of the picture is shown the time 
interval disk driven by the synchronous converter whose 
speed is controlled by the electrically driven tuning fork 
shown in the right foreground. The box shown in the upper 
left of the photograph is a combination starting box and 
field rheostat for the synchronous converter. In the center is 
shown a synchronous timer which is used to check the equip- 
ment and also for any general applications. It is provided 
with a specially designed hand-operated switch which controls 
a clutch meshing, with a minimum time delay, the rotating 
hand of the timer with its constantly rotating synchronous 
motor. 


On the right-hand side of the photograph are shown two 
relays and a switch which serve to eliminate time lag errors 
when the time interval apparatus is used automatically to 
close and open potential circuits of rotating standards. This 
is accomplished as follows: 


At the start of the test, relay No. 1 is closed and relay No. 2 
is open. When the starting contact on the rotating disk closes, 
relay No. 1 opens, relay No. 2 closes, at the same time closing the 
potential circuit, thus a time lag has been introduced equivalent 
to the time required for rélay No. 1 to open and relay No. 2 to 
close. At this point the switch is manipulated, returning the relays 
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to their original positions (i.e., relay No. 1 closed, relay No, 2 
opened) without opening, however, the potential circuit. 

When the stopping contact of the disk is made, relay No. 2 closes, 
relay No. 1 opens, at the same time opening the potential circuit. 
Thus in opening the potential circuit, a time lag has been introduced 
equivalent to the time for relay No. 2 to close and relay No. 1 to 
open, which you will observe is the same time lag introduced in 
closing the circuit. 


Adjustable Burden— 


This set of burdens, No. 7156, is intended for simulating 
operating burdens when checking current transformers in 
the laboratory. It provides 50 volt-amperes of resistance 
adjustable in steps of one volt-ampere and approximately 50 
volt-amperes of inductance adjustable in steps of approxi- 
mately one volt-ampere. 


Multi-Range Shunt— 


This shunt, Catalog No. 4390, is a low-current value com- 
bination shunt. It has seven ranges covering 7.5, 3, 1.5, 0.75, 
0.3, 0.15 and 0.075 amperes. 


Switchboard and Portable Frequency Indicators— 


These instruments were developed to meet the demand for 
portable and switchboard instruments for frequency measure- 
ment having a high degree of accuracy. The switchboard 
type can be provided with ranges of 24 to 26, 48 to 52, or 58 
to 62 cycles. The first range is guaranteed to better than 
1/25 of a cycle, while the two second ranges are guaranteed 
accurate to better than 1/10 of a cycle. 

The portable instrument resembles in appearance the port- 
able potentiometer pyrometers. It is usually provided with 
any of two of three ranges mentioned above. The accur- 
acies are the same as outlined for the switchboard indicator. 


THE STATES COMPANY 


Switchboard Type Phase Sequence Indicator— 


These phase sequence indicators have been designed for 
use on test tables where the determination of phase sequence 
is desirable. Besides giving the phase sequence, it gives evi- 
dence of whether or not the test table is alive. It is built 
for either 115 or 230 volts at 60 cycles, three phase. 

The indicator consists of two resistances, a reactance and 
two carbon-filament pilot-lamps, one behind a red and the 
other behind a green buil’s-eye lens. These elements are as- 
sembled on a substantial framework of metal which gives 
rigidity to the resistances and reactance and a cushioning 
to the lamp sockets so as to counteract effects of jarring. 
The over-all dimensions of the indicator proper are: height, 
4% in.; width, 4 in.; depth, 5% in. Two mountings are 
made, one for fitting directly to the back of a panel, the 
other for clamping to some part of the pipe frame of a test 
table already in service. 

The connections of the phase sequence indicator are such 
that when the phase rotation means that the current is lag- 
ging the voltage, the green (left-hand) lens is more brightly 
illuminated than the red one. On the other hand, a more 
brightly illuminated red lamp indicates a phase rotation such 
that tlie current leads the voltage. When the main switch of 
a test table is open, neither lens will be illuminated and this 
is an indicatiog that the table is not alive. 


100-Meter Capacity Portable Meter Rack— 


This meter rack has been put into production to supply the 
urgent demand for a convenient way of transporting meters 
for test in the meter shop. Fig. 5 gives the construction of 
the rack on which the meters are hung by screws. A hook 
is provided for a tag to designate one rack from another. 
Racks are easily and quietly pushed about and can be made 
to turn within their own length. 

These racks are light in weight, being built on the prin- 
ciple of reinforced angle-iron framework. The entire frame 
is rigidly braced against swaying and twisting when carrying 
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the full load of meters. The faces on which the meters are 
hung are %-in. laminated wood covered with galvanized sheet 
iron. The screws for meter support are anchored in %-in. 
furring strips on the back of each face. The platform is 
made of heavy hardwood giving low center of gravity to the 
rack. On the under side of this platform are two swivel 
and two fixed-direction wheels all on roller bearings. The 
wheel itself is made of canvas strips assembled and mounted 





Fig.5. 100-meter capacity portable meter rack, The States 
Company. 


under hydraulic pressure. The assembly is such that biased 
edges form the rolling surface. In use it has been found 
nearly impossible to slide these wheels on a concrete, metal 
or wood surface, dry or wet. 


Type KS AC Meter Testing Load Kit— 


This load kit has been put into production to provide a 
light and rugged case in which is carried all testing equip- 
ment practically necessary for testing meters up to 25-amp. 
capacity at both full and light loads. There is provision in 
the kit for the particular standard for which it is ordered 
and space for leads and extra equipment. 

This outfit includes a States Type S phantom load, thereby 
making use of a principle of loading which is efficient both 
in space and current consumption, also all leads. Output 
current control is by two carbon-pile rheostats and a full 
load/light load switch conveniently located on the top of the 
load. Meter connections are through flexible No. 10 and No. 
14 leads 10 in. long with the exception of those from standard 
to load, which are 6 in. long. A click switch with amply long 
leads starts and stops the meter. The supply to the load 
may be either 115 or 230 volts, to which the load is adjusted 
by a SPDT toggle switch handily mounted on the load top. 
The case, of heavy fiber reinforced at the corners and edges, 
is 9 in. high, 14 in. long, and 8 in. wide. 


Fused Terminals— 


This new product affords an easy means for incorporating 
a fuse in a test circuit. This device has an insulated sleeve 
which is slipped over the wire and the solderless connection 
is made on the tip of the wire. The test cable is then drawn 
into the insulated sleeve, a fuse is dropped into the sleeve 
and the connector terminal screwed into the insulated sleeve. 
Various styles are provided. 

Type “K” Ohmspun Load— 

This new load has been designed to be used either in con- 
junction with a test kit or carried separately. The load is 
equipped with ohmspun non-inductive units, which are so 
mounted that the over-all dimensions are much less for a load 
of equal capacity. The case is aluminum which keeps the 
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weight of the load down to 3% lb. This load is available in 
only one rating, 18 amp., 115 volts. The current steps are 
controlled by trigger switches and the current steps are as 
follows: %4, 1, 2, 5, 5, making available the following load 
values: 14, 1, 1%, 2, 2%, 3, 3%, 5, 5%, 6, 642, 7, 7%, 8, 8%, 
10, 1016, 11, 11%, 12, 12%4, 18, 13814, 15, 1544, 16, 16%, 17, 
1744, 18, 18% amp. 


ELECTRICAL FACILITIES, INC. 


Heavy Current Three-Wire Phantom Loading Equipment— 


In order to meet testing requirements of a Pacific Coast 
utility, a very flexible, heavy current, phantom load was 
designed and built for the over-all testing of large capacity, 
two and three-wire meters for both light and power on light 
and heavy loads. A small double-throw switch permits either 
addition or subtraction of the test load to or from the con- 
sumer’s load without interfering with the latter. The equip- 
ment has also been found very useful and convenient for 
relay testing, and as a general all around test load. It 1s 
rated at 110 to 220 volts and 600 amp. 

Referring to the accompanying picture, at the right is 
shown the phantom load transformer and at the left, one 
carbon rheostat for regulating the current. For three-wire 
testing two rheostats similar to the one shown are used. 





Fig.6. Heavy current three-wire phantom loading equipment, 
Electric Facilities, Inc. 


Circuit Tester for Watthour Meters* 


HENEVER watthour meters are tested with a separate 

potential or by any method requiring connections or con- 
ditions which differ from normal line or service connections or 
conditions, there is always a possibility that some of the cir- 
cuits within the meters are not completed after test. This is 
especially true of meters using potential circuit connectors 
cr jumpers which have been stamped or pressed into shape. 
These often break at the place where they have been bent 
most sharply. When circuits are incomplete a meter may 
operate, but it cannot do so accurately. This not only repre- 
sents a loss of revenue, but a real expense to check up or 
test and finally to replace with an accurate meter. 

The meter test department of the Southern California 
Edison Company has developed a device for checking the cir- 
cuits within the meters. This circuit tester has proved very 
satisfactory on both single and polyphase meters of several 
manufacturers. Fundamentally it is a low resistance tele- 
vhone receiver in series with a low-voltage battery with the 
two end terminals arranged to be connected to the circuit in 
question, thus placing all three in series. 





* Report of subcommittee on testing problems of watthour meters, 
meter committee, Engineering Section. F. A. Redding, chairman. 
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As finally completed, the tester is built from a medium size 
two-cell flashlight. The lens, lamp and reflector are removed 
and the flared front cut and bent into shape to hold a piece 
of 0.3-in. Bakelite radio panel. This piece is about 1.75-in. 
square, but is shaped to conform with the flare of the front 
piece of the flashlight case. On this are mounted two radio 
pin jacks for the telephone receiver cord tips and two spring 
brass wire prongs arranged adjustable to the terminals of 
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Fig. 1. Circuit tester for watthour meters. 


the meters to be checked for open circuits. The telephone 
receiver is of the switchboard headset type of 60 ohms resist- 
ance which is about as much as will “click” in circuit with 
the high resistance potential coils used in some meters. The 
“click” indicates a complete circuit and should be heard when 
the circuit is first closed and again when it is opened. 

The operation of the circuit tester is very simple and rapid. 
The wire headset band holds the telephone receiver against 
one ear, the flashlight case holds the battery and terminal 
prongs and requires only one hand, leaving the other free to 
arrange the meter so that the terminals are accessible. Only 
a light pressure of the prongs against the terminals is 
necessary. 

With the exception of primary or separate potential type 
meters, a test made across the two load side terminals of a 
phase element or unit will give a complete circuit test of 
the entire element and its circuits within the meter case. The 
selection of terminals will depend upon the make and type 
of meter, but should always be on the load side, as this in- 
cludes the series coil in the circuit test. 

This circuit tester is not confined to watthour meters alone. 
It will be found very useful on other instruments and elec- 
trical circuits in general. 


A Practical Magnet Testing Device* 


HE relative strength of permanent magnets as used on 
induction type relays and watthour meters seems to have 
been quite a problem to all who have tested this type of 
instrument. When a magnet weakens in service the standard 
factory marking thereon is valuable only as a guide to re- 
placing the weak magnet. But can this weak magnet be used 
on another instrument? What is its standard rating now? 
Or is it useless? 
The magnet testing relay developed by the meter test de- 
partment of the Southern California Edison Company has 





* Iteport of subcommittee on testing problems of watthour meters, 
meter committee, Engineering Section. F. A. Redding, chairman. 
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very satisfactorily solved these problems for them. It is so 
named because it relays to a cycle counter the time duration 
of one revolution of the relay disk. A strong magnet relays 
a longer time duration than a weaker one. The cycle counter 
is used because it can be controlled directly from a con- 
tactor in the relay, eliminating one source of personal error 
and making it possible to set up a very flexible set of curves 
from which standard markings may be read. 

This relay was made up from a General Electric type M4 
demand meter. The demand contacts and register, the mag- 
nets and mounting, and the disk and shaft were removed. A 
General Electric type I-14 disk and shaft, to which a contact 
controlling collar had been added, replaced the demand 
meter disk and shaft. Contacts to control the shaft counter 
were mounted above the disk and to the left of the shaft. The 
contacts and the controlling collar were so arranged that 
the cycle counter would be in operation during about five- 
sixths of one revolution of the disk. This period was ac- 
cepted as one revolution when adjusting or using the relay. 
An auxiliary closed circuit push button was mounted above 
the disk and to the right of the shaft. This was so con- 
nected that the cycle counter does not come into operation 
until the button is pressed. Several stops were placed below 
the disk in such a manner that any magnet held firmly 
against them would be in about a normal position relative 
to the disk. For ease of adjustment a lever was attached to 
one of the pole shading pieces of the element and an adjust- 
ing screw brought through to the front of the relay. A series 
of stops were placed below the disk in such a position that 
any magnet held firmly against them would be in about a 
normal position relative to the disk. For ease of adjustment 
a lever was attached to one of the pole shading pieces of the 
element and an adjusting screw brought through to the front. 

Aithough the M4 element is intended for 110-volt line 
service it was found desirable to operate this device at what- 
ever voltage might result with the current regulated to 120 
milliamp. On a 115-volt circuit with 120 milliamp., the volt- 
age on the relay element is about 100. With the pole shading 
device adjustment is made so that the disk makes ten revolu- 
tions in 420 cycles. 

Although the M4 element was intended to operate directly 
on 110-volt service, it was found desirable to operate the relay 
with a variable resistor in series, the current being regulated 
to 120 milliamperes. On a 115-volt circuit the voltage across 
the relay terminals was about 110 volts. With the current 
properly regulated, adjustment was made with the pole shad- 
ing lever so that the relay disk made ten revolutions in 420 
cycles. All adjustments were made with no magnet damping 
of the relay disk. 


The drawing shows method of connection with Westing- 
house cycle counter and gives data necessary for converting 
cycles counted into standard magnet markings as used by the 
General Electric and Westinghouse companies. 


For example, a General Electric type I-14 magnet was 
placed in position against the stops of the relay. The disk 
speed was such that 357 cycles were counted during one 
revolution. Referring to the lower scale for I-14 magnets, 
start at left, add 300 to the scale and read up at 357. This 
voint on the curve will read back to 17 on the vertical scale. 
As the number of cycles counted was between 340 and 440, 
we must add 300 to the scale reading of 17. The standard 
marking of this magnet is 317. 

The performance of the relay has been checked over a 
veriod of several months. During this time quite a number 
ef new and old magnets have been tested. When properly ad- 
justed, the relay has verified the standard factory marking 
of practically every new magnet tested and has checked its 
own results within a very close margin. The “not good” 
limit of certain types of magnets was very carefully checked 
on the proper meters under normal test conditions and a 


margin for adjustment allowed. The magnet used in the 
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Fig. I. Curves for use with magnet testing relay. 


example was found to be very consistent in results obtained 
and was therefore taken as a standard to verify the per- 
formance of the relay after all adjustments had been made. 


OVERHEAD SYSTEMS 


HE report of the overhead systems committee for 1929- 
1930 includes data compiled by eight subcommittees on 
the following subjects: 

Pole Line Structures and Devices. 

Transformer Loading and Methods of Measuring. 

Methods of Securing Satisfactory Grounds. 

Corrosion of Metals. 

Operating Records. 

Joint Pole Practice and Construction Rules. 

National Electrical Code Revision. 

Conductor Vibration. 


In addition to the work as contained in these reports we 
have a subcommittee working jointly with the inductive co- 
ordination committee on the subject of common primary and 
secondary nautral. Also we have several members who are 
working jointly with the Purchasing and Stores Section on 
the standardization of material for pole line construction. 





*See facing page for overhead systems committee personnel list. 
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This final check will show up any friction, loose connections, 


or other troubles that may exist in either the relay, the cycle 
counter or the circuits. 


COMMITTEE REPORTS’ 


The report of the subcommittee on pole line structures and 
devices will have additional data with which to make a sup- 
plementary report at a later date. 


Conductor Vibration* 


This report is made up principally of the experiences 
of some of the member companies of the Pacific Coast 
Electrical Association with conductor vibration and 
movement due to wind, short circuit stresses or other 
causes and the attempts that have been made to mini- 





* Report of subcommittee on conductor vibration, overhead systems 
committee, yy a H. H. Minor, nn N. P. 
Carlsen, Jr., L. Case, A. S. Glasgow, Walter Hayes, E. Heath, 
Cc. E. Tentin’ c. 8. King, W. B. Loper, J. Mini, Jr., J. — Mulkey, M, 
©. Richardson, A. L. Williams. 
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mize or eliminate such movement. In general the sub- 
ject may be divided into the following three topics: 

1. Conductor vibration due to wind. 

2. Conductor movement due to short circuit stresses. 

3. Conductor movement due to ice or sleet unloading 

or other like causes. 

There follow papers relating the experiences of two 
of the Pacific Coast companies who have been most active 
in attempting to limit conductor breakage which has 
resulted from vibration. Comments on the subject by 
two of the wire manufacturing companies are also in- 
cluded as are some experiences of other operating com- 
panies. 


yo large sums are expended in the construction of 
overhead transmission and distribution lines. Their im- 
portance justifies this huge outlay and no item should be 
neglected in their design, the omission of which will result 
in a reduction of the effectiveness of the completed line. 
Damage to the conductors which may cause failure should 
certainly receive attention. Such damage may result from 
conductor vibration. It may very easily be overlooked until 
serious faults develop and then may be attributed to other 
causes. Construction and operating engineers should correct 
the conditions that cause such damage or limit the effect 
of those conditions. 

Weakening the conductors due to vibration has been found 
quite prevalent on the lines of some of the Pacific Coast 
companies. Others report that no such trouble has been 
noted although general conditions such as wind exposure, 
type of construction, size and kind of conductor used, etc., 
are very similar. It may be that in reality broken strands 
have resulted from vibration but have not been detected or 
if noticed the failure has been attributed to other causes. 
It is felt that where strand breakage has occurred or where 
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vibration is known to exist, as evidenced by visual inspec- 
tion, noisy towers, loosened nuts, etc., it is safe practice to 
inspect the conductor closely at the first opportunity. Such 
inspection may reveal a hidden weakness that can be repaired 
in time to obviate a line failure and steps taken to make a 
recurrence of the trouble unlikely. The experiences which 
follow clearly illustrate the possibility of such damage and 
the fact that it may become quite serious before being 
detected or an incorrect determination of the cause may 
be made. 


EXPERIENCES OF SOUTHERN CALIFORNIA EDISON COMPANY? 


Any account of the experiences of the Southern California 
Edison Company with the phenomenon of conductor vibra- 
tion necessitates a review in considerable detail of the results 
of experimentation and research which have been reported 
since 1923 in the technical press. If, therefore this paper 
should show details already familiar to those to whose atten- 
tion it may come, it should be understood that the writers 
have intended it so for the sake of continuity and clearness. 

Prior to 1923 this company had for ten years operated 
the greater part of the Big Creek lines at 150 kv. During 
this time it had been observed and was well known that the 
conductors on these lines vibrated a large part of the time. 
No serious trouble was ever laid to this phenomenon until 
after these lines were rebuilt for 220-kv. operation and also 
after the Eagle Bell 220-kv. lines were built. In each case 
the lines are two in number, parallel, on the same right of 
way and are constructed in horizontal configuration on steel 
towers. On the Big Creek lines 605,000-circ. mil ACSR is 
in use with fifty-four aluminum and seven steel strands, and 
is strung for a maximum tension of 6500 Ib. The Eagle Bell 
lines were built using 666,000-circ.mil ACSR of stranding 
similar to the Big Creek cable and were strung for a maxi- 
mum design tension of 13,000 Ib. 

A few reports had been turned in concerning broken 
strands at clamps on the Big Creek lines, but these were 
thought at the time to be due to improper clamping. On the 
Eagle Bell lines, however, vibration was observed to be par- 
ticularly severe and after six months of otherwise satisfac- 
tory operation, one conductor parted at the outer end of a 
dead end clamp. Careful examination disclosed no reduction 
of area in the broken aluminum strands. For this reason 
vibration was suspected at once. No data on the steel core 
failure could be obtained by measurement or inspection as it 
had been burned. It is probable that the core had become 
heated as the aluminum area was reduced by breakage and 
that parting followed this heating. 

Investigation following this failure disclosed broken alumi- 
num strands at other dead ends, and also at suspension 
points. Obviously some method of preventing a recurrence 
would have to be found, as the line runs through a developed 
area with many transmission lines, telephone leads, high- 
ways and railway crossings under it. 

The evidence presented by the failure was conclusive 
enough to indicate that vibration was the cause. An investi- 
gation was started immediately to determine the causes of 
these aluminum failures. Also an emergency remedy was 
devised and applied. 


This emergency remedy provided an additional means for 
holding the conductor and also partially damped the vibra- 
tions before they reached the outer end of the dead end 
clamp. A second clamp was applied to the conductor at each 
end point with about one foot of conductor between it and 
the original clamp. This second clamp was attached by two 
strap links, one on each side of the same point to which the 
original clamp was attached, then an auxiliary jumper of 
conductor cable was bridged around the dead end clamp by 
attaching one end through a double grooved clamp to the 





1Prepared by C. E. Heath and H. Michener. 
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span conductor beyond all dead end clamps, and the other 
end through a double grooved clamp to the original jumper 
loop. This. gave a dead end assembly as shown in Fig. 1, 
and consisting of the following items: 


1. A clamp holding the steel core only. 

2. A clamp holding the composite cable as a whole and attached 
to the core clamp by short steel straps. 

These two constitute the original dead end clamp and the jumper 
loop which led out between them. 

3. Another clamp, the same as the second, bolted tightly onto 
the composite cable and attached by a strap link on each side to 
the same pin to which the forward end of the core clamp was 
attached. These strap links were put on with the clamp pushed 
back to take out lost motion but without applying any tension to 
the straps. 

4. The double groove clamp to attach the auxiliary jumper to the 
span cable. 

5. The double groove clamp to attach the auxiliary jumper to the 
main jumper loop. 





Fig. 1. Emergency protection against conductor failure at clamp, 
Eagle Bell 220-kv. line. 


Several inspections during the year of operation with this 
device in use disclosed practically no further deterioration 
at the dead ends, and it has been noted that the conductor 
vibration in a span having one of these devices at one end 
is less than in a similar span supported in suspension clamps. 

During the next two years the condition of the cable at 
all points of support received careful attention, and it was 
found that about 80 per cent of all these in exposed sections 
suffered some aluminum strand breakage. The number of 
these breaks varied from 1 to 40 strands at a clamp. Such 
breaks showed no reduction of area. Ground wire failures 
also occurred and inspection disclosed strands broken at the 
points of attachment in several places. 

To correct the conductor trouble the cables on a consid- 
erable part of the west line were shifted approximately five 
feet to permit relocation of suspension clamps to new points 
on the cables. Wherever twenty or more strands were broken 
the cable was cut and a standard compression splice was 
made. Where fewer strands were broken, a bolted aluminum 
clamp was put over the break or the cable was wrapped with 
fiat aluminum armor wire. 

At first there ‘was some difference of opinion as to the 
cause of the failures at clamps. Some thought the trouble 
due to the bending caused by vibration in the conductor, oth- 
ers thought it was due to bending caused by the changes in 
conductor position due to temperature changes, still others 
believed the failures due to improper clamping and damage 
to the strands during erection. Of these views the last was 
eliminated as soon as it was possible to get a complete view 
of the extent of the damage. To test the second theory an 
exhaustive test was made on a short experimental span which 
put the cable through a large number of bends similar to 
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those it would get in the line, with the temperature changes. 
This proved quite conclusively that temperature changes were 
not responsible for the failures. 

Soon after the 1923 break which was mentioned above, 
detailed studies of vibration were begun in an effort to 
determine its cause and characteristics. The method used 
and progress to that time was described by J. M. Gaylord, 
in Vol. 43, Journal A. I. E. E., November 1924. 

Previous to the beginning of this study, reports were 
received of vibrations possessing amplitudes of from % in. 
to 6 in. or more and one report credited the vibration with 
sufficient power to lift a heavy man and throw slack into 
a string of suspension insulators when the man was standing 
on the wire at the insulators. These reports were generally 
considered to be somewhat exaggerated as there were no 
data to prove them. 

There were also various theories as to the cause of this 
vibration. One was that the different rates of expansion and 
contraction with changes of temperature of the aluminum 
and steel were responsible. In proof it was observed that 
the vibrations would start in the morning when the sun 
first struck the conductor and at other times of the day 
when clouds would suddenly put the conductors in shadow, 
or would allow the sun to fall on the conductors when they 
had previously been in cloud shadow. Everyone was agreed 
that there was no vibration in a heavy wind. Also nearly 
everyone who had noticed the vibrations at all was willing 
to say that he had seen the conductors vibrating when no 
wind was blowing. 

The apparatus used in the studies of characteristics and 
causes of vibration consisted of a recorder with appropri- 
ately devised traveling pencil, timing apparatus and paraf- 
fined string attachment to the conductor. Frequency records 
were obtained by moving the chart by hand to stop-watch 
timing. Duration records were obtained through the use of 
a Bristol mechanical recorder. Simultaneous records of vibra- 
tion and temperature were made to determine any possible 
interrelation. No such relation could be found. 

A large number of spans were found which never vibrated 
while others were found subject to particularly severe vibra- 
tion. Long spans appeared to be particularly susceptible. 

Spans subject to vibration were observed under various 
conditions such as those of sudden temperature change, ener- 
gized and unenergized, during the process of being energized 
and of being taken out of service. None of these conditions 
seemed to affect the phenomenon. Apparently it was mechani- 
cal and might affect any line the same as those operated 
at 220 kv. 

These studies confirmed the general belief that the con- 
ductors vibrated only in a vertical plane. The maximum 
recorded amplitude was about one inch. Frequencies varied 
from 12 to 30 cycles per second and nodes were observed 
from 12 to 16 feet long. Subsequent records reported by 
Theodore Varney show frequencies from 5 to 52 cycles per 
second, nodes from 4 to 38 ft. in length, and amplitudes of 
from 1/52 in. to 1 in. 


Simultaneous measurements of the vibrations of two con- 
ductors of the same span, one having a tension considerably 
less than the other, showed that these two conductors vibrated 
during the same periods of time, but that the one having 
the lesser tension vibrated with smaller amplitude and lower 
frequency than the other with the same wind velocity. Simul- 
taneous records for the center and outside wires failed to 
show any difference between the vibrations in these two 
conductors. 


It was observed that wherever line spans were sheltered 
from the wind or where the wind was moving parallel to 
the line, no vibration occurred. A breeze of two to three 
miles per hour would start a long wave in the conductor. 
As the wind velocity increased the amplitude of the vibra- 
tion increased until at some higher velocity a new wave of 
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shorter length would appear. It was observed that a wave 
once formed, whether 10 or 30 ft. long, would persist when 
the velocity had decreased one-half. 

It was concluded by these studies that the vibrations were 
caused by air currents, very slight currents being sufficient 
to start them and to maintain resonance. Subsequent 
research by the Aluminum Company of America and reported 
by Mr. Varney in Vols. 45 and 47, Journal A.I.E.E., give 
further proof of these conclusions. 

Concurrently with Mr. Gaylord’s work, tests were being 
made on two experimental spans at California Institute of 
Technology where a mechanical device was used to cause 
vibration. It was hoped in this way to test various methods 
proposed for its prevention. However, it was found that 
these mechanically generated vibrations were very different 
from those actually occurring on the transmission line. 

Up to the time the above studies were started the trouble 
experienced had been only with dead ends. Accordingly a 
new dead end clamp was designed which possessed a mini- 
mum moment of inertia with the idea of reducing the rela- 
tive movement between the outer end of the dead end and 
the cable. The Aluminum Company of America was working 
on a similar dead end at the same time and has now 
adopted it as a standard. 

Tests on this new dead end were made on the experimental 
span at California Institute of Technology. A _ recording 
device was made which could be attached to the dead end 
clamp and to the conductor just outside of the clamp, and 
in this way a record of the relative movement was obtained. 
It was found that the compression dead end of the new 
type gave much less relative movement between the dead 
end and the cable than was the case when the old style 
bolted dead end was used. This was true before the shieid 
ving and jumper loop were attached to the dead end assembly, 
but the difference was largely masked when the shield rings 
and jumpers were attached. The relative movement was 
much greater in the case of both dead ends after these 
additions. 

After the breaks at the suspension clamps were found to 
be so general it was apparent that the troubles at the dead 
ends were only a small part of the story and that it was 
necessary either to design a suspension clamp which would 
prevent cable breakage or to devise some means of preventing 
the conductors from vibrating. It was decided to try both. 

The design department set to work to design a suspen- 
sion clamp that would allow as little bending of the cable 
at its entrance as possible and that would hold this mini- 
mum amount of bending to a radius of curvature sufficiently 
large to prevent destructive stresses. 

The research department started experiments to deter- 
ronine the minimum radius of curvature about which the 
conductor could safely be bent a great number of times 
while being under line tension. 


As a result of these experiments a minimum radius of 
16 inches was determined upon and a clamp with this radius 
at the two ends was designed. The clamp is supported from 
pivot points immediately below the conductor and the design 
is such that the conductor rests on the 16-in. radius support- 
ing surface at least one inch outside of the last point 
where the conductor is held between the two halves of the 
clamp. As the conductor rises and falls due to vibration 
or temperature change the point of contact between it and 
the clamp surface moves toward and away from the center 
of the clamp. 


Use of this clamp has proved the advantage of the new 
design in other ways than in the prevention of vibration, 
but as a preventive it does not function on account of dif- 
ferences in vibration characteristics in the two spans each 
side of the clamp and because the inertia of the clamp is 
too high to permit response to the vibrations. Since the 
design of this clamp, it was observed while stringing the 
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new Vincent 220-kv. line that the vibration of cables while 
still hung in the stringing sheaves was so severe as to cause 
considerable difficulty in the attachment of the suspension 
clamps. Cases of broken strands are on record which 
occurred while the conductor was supported in a sheave. 

The most promising results have been obtained by G. H. 
Stockbridge, transmission engineer, who has been in close 
touch with the whole problem from the beginning. His plan 
was to devise a suitable method to prevent vibration from 
occurring. Others have worked along the line of preventing 
vibration from doing any harm. 

Mr. Stockbridge’s work shows that vibrations may occur 
in waves from eight to fifty feet in length, that the longer 
waves are caused by very slight air currents while currents 
of higher velocity form shorter waves. The angle at which 
the wind strikes the line also has an influence on wave 
length. It was Mr. Stockbridge’s observation which led to 





Fig.2. Early damping device consisting of parallel length of 
conductor cable. 


the belief that winds caused line vibration. In places where 
the Big Creek line was exposed to the winds broken strands 
were very numerous. In places where trees protected the 
line from direct influence, the breaks were very few. In 
some places where trees or hills protected nearly all of the 
line but where certain sections—sometimes not more than one 
span in a place—were not protected, breaks would be found 
only in these unprotected places. 





With this information, an attempt was made to stop vibra- 
tion by breaking up the conductor symmetry. One span was 
lowered and a No. 4 solid aluminum wire was wound on it 
in a 6-ft. spiral for 300 ft. near the center of the span. 
This was found to reduce the vibration notably. If carried 
out for the full length of the span, the method might have 
proved effective, but this was considered impractical and the 
matter was dropped. 

Next a 12-ft. length of cable of the same type as the 
conductor was clamped underneath the conductor with four 
parallel groove clamps at a point 30 ft. from the tower, 
as shown in Figure 2. This immediately stopped all short 
wave vibrations and reduced the long waves by about 50 
per cent. It was quite apparent that the device contained 
an important principal, but there was some question as to 
just what the principal might be. To prove whether it was 
the stiffening effect, the cable was replaced with a section 
of %-in. pipe applied in the same manner, with the result 
that no benefit could be observed. 

Mr. Stockbridge continued his work by studying the effects 
of weights clamped to the conductor. This showed that. con- 
siderable good could be accomplished by using proper sized 
weights at proper locations. A 10-lb. weight clamped to the 
cable five feet from the support would reduce the length 
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of the last half wave in the span apparently by a length of 
cable, the weight of which was equal to the weight applied. 
Further, it reduced the amplitude in the last half wave. If 
the weight was increased beyond the weight of the conductor 
in a half wave, a new point of reflection was formed at the 





Fig. 3. Stockbridge dampers in use on Big Creek 220-kv. line. 


weight and vibration continued undiminished in the span. 
If the wave was always the same length in a span this 
method would prove fairly satisfactory with a weight of the 
proper size. 

As operating conditions demanded that the line under 
observation be energized at all times except Sunday, con- 
siderable inconvenience was occasioned in making the tests. 
However, with the aid of cotton handlines the tests with 
distributed weights were continued. Using sacks filled with 
various weights of metal punchings pulled over the line at 
various distances from the points of support, it was found 
that with three 10-lb. sacks pulled up to the conductor with 
handlines and spaced 10 ft. apart, all visible cable vibration 
was arrested. Suspension of the same weights by cords 
gave the same results, but the clamping of 10-lb. lead weights 
directly to the cable resulted in no damping effect. Accord- 
ingly, the method of attachment was considered of prime 
importance. 

Two 20-lb. sacks were rigged with double hooks to permit 
their being hooked on the conductor from the crossarm and 
the handline removed. These weights, one on each end of 
the same 100-ft. span, and hung 2 ft. away from the clamp, 
stopped all vibration permanently until the weights were 
removed. 


As a result of all tests it was concluded that 10 or 15-lb. 
weights attached with properly flexible connections at approx- 
imately the midpoints of the shortest half waves next to 
the suspension clamps would prevent all visible vibration 
and thus eliminate all damage from vibration in any ACSR 
conductor in use on the system. 

This fact led Mr. Stockbridge to design a damper con- 
sisting of a short length of flexible cable with either 5 or 
7-lb. weights on each end and an attachment clamp in the 
center. Originally the cable used was a piece of conductor 
the same as that in the line to which the damper was 
attached. Concrete was used originally for the weights. A 
flat spring was tried out as a substitute for the cable but 
was found too sensitive for satisfactory use. The final 
adopted design is as shown in Fig. 3. The shape of the 
weights is such that the guy wire is sufficiently shielded 
to prevent the formation of corona. From one to three 
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dampers are attached to each span, the number depending 
upon the severity of vibration in each span, which in turn 
depends upon the span length. 

The Stockbridge damper has now been in use on the Big 
Creek and Eagle Bell lines for three years. The same type 
damper has been applied to all steel cable skylines. Trouble 
on these lines from this cause has been eliminated. 

The new Vincent 220-kv. line constructed in 1926 and 
1927 is equipped with the new type dead end and suspension 
clamps and with 7%-lb. Stockbridge dampers. Design data 
on all lines of the company where dampers have been 
attached are shown in the accompanying table. 

It will be noted that no dampers have been provided on 
the Long Beach-Lighthipe line where 650,000-cire.mil bronze 





Fig. 4. Dampers consisting of wire-mesh container filled with metal 
bunchings applied to one conductor on Vincent line. Note canti- 
lever weight type on other conductors and on skyline. 


copper conductor has been used and that the same is true 
of the No. 4/0 copper ground wire. Experience with copper 
conductors on steel tower lines over a period of twenty-three 
years of operation has failed to produce any conductor dam- 
age from vibration. For this reason it was decided to try 
the Long Beach-Lighthipe line for five years without damp- 
ers. However, the line is being carefully watched and if 
any trouble develops it will be equipped the same as the 
others. A few spans have been equipped with dampers for 
experimental purposes and are entirely satisfactory. 


In continuing his studies, Mr. Stockbridge has applied the 
cantilever damper principle to smaller conductors and his 
experience so far indicates that this device is not sensitive 
to the higher frequencies existing on smaller cables. How- 
ever, he has found that the application of the suspended 
weight principle through the use of a wire mesh container 
of proper design filled with metal punchings and properly 
located has a great deal to promise as a successful damper 
for small conductors. Fig. 4 shows this type damper on one 
conductor of a line with the cantilever type also shown. 


The question has been raised from time to time as to the 
matter of “dancing” cables. The writers know of no place 
on the Southern California Edison Company’s system where 
this phenomenon has occurred except as an accompaniment 
of unequal loading of sleet during or following storms. At 
such times trouble is experienced on lines of vertical con- 
figuration by lower conductors whipping into higher ones 
in the same plane, also from telephone lines whipping into 
transmission conductors. This experience has been confined 
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TABLE I—Characteristics—220-kv. Lines 


Southern California Edison Company 


a 


Long Beach Lighthipe 





Lines Big Creek Eagle Bell Vincent Lighthipe La Fresa 
Constructed....... 1912-13 1923 1927-28 1928 1929 
Configuration. .... horizontal horizontal horizontal vertical vertical 
Circuits per tower.. 1 1 1 2 2 

Conductor 
PRR ACSR ACSR ACSR bronze copper ACSR 


Size circ. mil...... 605,000 666,600 1,033,500 650,000 666,600 
Alum. stranding... 54x0.1059 54x0.1111 54x0.1384 42x0.1245 54x0.1111 


copper 
7x0.1384 19x0,1245 7xO0.1111 


Core stranding.... 7x0.1059 7x0.1111 
bronze copper 
Composite diam... 0.953 1.000 1.246 1.12 1.000 
Weight per foot... 0.779 0.857 1.33 2.92 0.857 
Design tension.... 6,500 13,040 12,000 13,300 8,000 
Elastic limit 
composite....... 14,675 16,180 25,000 33,600 16,180 
Dampers number. . 1* i* 1 to 3 none 4" 
Dampers weight... double, double, double, Sd double, 
5 lb. 5 lb. 7% Ib. 5 lb. 
Ground Wire, 
Be fcwacaSi sacs Siemens High Siemens MHD Hitenso 
Martin Strength Martin Copper B. B. 
Meda casas bane \-in. yin. -in. & %&-in. No. 4/0 No. 2/0 
Stranding......... 7 7 7 7 7 
Weight per foot... 0.520 0.520 0.52 & 0.65 0.653 0.411 
Design tension. ... 5,500 8,000 5,500&7,000 4,000 4,000 
Dampers—number. 1 1 1 ian Baie 
Dampers—weight.. single, 5 lb. single, 5 1b. single, 5 Ib. none 





*Occasional long spans equipped with two dampers each end. 





Fig. 5. Y,-in. steel strand reinforcement applied to 397,500 circ.-mil 
all-aluminum conductor. Vibration damped 25 per cent. 





Fig. 6. Stockbridge 10-lb. damper applied to 366,400 circ.mil A.C. 
S.R. Installed 3 ft. 6 in. from clamp. Vibration damped 100 
per cent. 


to voltages lower than 220 kv., as the company has no ver- 
tical 220-kv. construction in sleet territory. Changes in the 
length of the middle arm to obtain an offset from the normal 
conductor plane have eliminated trouble from sleet loaded 
lines. 

In conclusion it may be said: (1) that steel reinforced 
aluminum cable is a thoroughly safe and practical conductor 
when relieved of vibration hazards, (2) that the Stockbridge 
damper effectively eliminates vibration, (3) that there is 
nothing insidious about conductor vibration except the fact 
that the damage is usually done before the operating com- 
pany becomes aware of it, (4) that when enough people 
become aware of the existence of an operating hazard from 
vibration of conductors, it will be eliminated in the same 
manner that has brought about the solution of other line 
design problems. 


? Prepared by J. A. Mulkey. 
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CONDUCTOR VIBRATION ON THE SAN JOAQUIN LIGHT & 
POWER CORPORATION SYSTEM* 


The first failure of stranded aluminum due to conductor 
vibration on the San Joaquin Light & Power Corporation 
system was noted in October, 1927, on the thirty strand 
397,500-circ.mil steel reinforced conductor on the Balch- 
Sanger 110-kv. line. This line had been in service at that 
time approximately three years. This failure occurred where 
the conductor was clamped in the dead end fitting. From 
12 to 18 strands were found parted at 18 different dead 
ends. The breakage was all in the aluminum, the steel core 
remaining intact. The span lengths where trouble occurred 
were from 1,900 ft. to 4,000 ft. long and were across canyons 
with prevailing winds at right angles with the line. The 
conductor was strung at approximately 2,500 lb. In Novem- 
ber, 1927, the weakened conductor in these dead end clamps 
was repaired and Stockbridge 15-lb. dampers installed. These 
dampers were located six feet out on the conductor from 
the clamp. These dampers have effectively stopped the vibra- 
tion in these spans. 


During January, 1928, an inspection of 266,800-circ.mil 
all aluminum lines where the wind was at right angles to 
the line was made. This is a seven-strand conductor and 
while vibration was noted, the frequency was higher and 
no damage to the strands was noted. This line had been in 
service approximately seven years. 


In June, 1928, a failure occurred on a 19-strand 397,500- 
cire.mil all aluminum line. This break took place at a dead 
end clamp. The line had been in service two and one-half 
years when this failure was noted. The line was exposed 
to almost continuous winds of from four to fifteen miles 
per hour. Vibration was almost continuous and very pro- 
nounced. Various vibration dampers were installed on this 
line, but none were wholly effective. It is estimated that the 
best result obtained was to reduce the vibration about 85 
per cent. Therefore, it was decided that other precautions 
were necessary and the conductor was reinforced at the 
clamps with %-in. stranded steel messenger. The messenger 
was extended through the clamp and attached to the con- 
ductor with cable clamps. See Fig. 5. These cable rein- 
forcements have successfully acted as vibration dampers, 
reducing the vibration some 25 per cent. 





Fig.7. Effect of vibration caused by loop of wire on 266,800 circ. 
mil all-aluminum conductor. 
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In October, 1928, excessive vibration was noted on 1/0 
A.C.S.R. conductor used on distribution lines on our coast 
division. This conductor was tied on pin type insulators 
and the line was exposed to winds at right angles to the 
line. Several failures occurred on this line and an attempt 
was made to control the vibration by the use of weight 
dampers of several sizes and varieties. They did not prove 
effective, however, and the line was reinforced at the insu- 
lators with a length of the aluminum strand clamped to 
the conductor. This method has prolonged the life of the 
conductor but has not stopped the vibration. 

During November, 1928, an inspection of vibration was 
made of a line constructed with 334,600-cire.mil A.C.S.R. 
This conductor was vibrating very severely. It had been in 
service about four years but no failures of strands were 
noted. In December, 1928, Stockbridge 10-lb. dampers were 
installed on three spans of this line. These dampers were 
placed 3 ft. 6 in. from the suspension clamp. See Fig. 6. 
They have proven very effective, completely damping the 
vibration. It is interesting to note that these same dampers 
were not effective on the 397,500-cire.mil all aluminum con- 
ductor mentioned above. 

Thus the conclusion might be drawn as a result of the 
three years experimental work carried on, that while vibra- 
tion can be controlled by the weight dampers on a fairly 
rigid conductor such as the A.C.S.R., it is very difficult to 
do so on a more flexible conductor such as the all aluminum. 
Trouble has also been experienced with No. 2 hard drawn 
solid copper on a 70-kv. line. Breakage occurred in one 
instance at a suspension clamp and in two cases at dead 
end clamps. The span lengths were short, approximately 
250 ft., and the conductor was pulled to a very high tension. 
The vibration noted was of very high frequency. The line 
had been in service only a few months. Where vibration is 
severe, damage has also resulted to the supports as well as 
the conductor. Tower braces have broken, nuts loosened, 
etc. and the towers are sometimes extremely noisy. 


Fig. 7 is an interesting example of the result of vibrations 
‘in a conductor. The strand photographed was 266,800-cire.mil 
2ll aluminum. A loop of No. 2 copper had in some manner 
been placed over this conductor. The continued hammering 
due to vibrations of the conductor had cut through 3 of the 
7 strands. The pencil points to a place where the wire loop 
started its destruction but later it moved to a point further 
along the conductor. 


The results obtained from the experimental use of the 
10-lb. Stockbridge dampers on the 334,600-circ.mil A.C.S.R. 
line referred to above having proven very satisfactory, this 
line was completely equipped with these dampers in January, 
1930. Since that time the line has been carefully inspected 
five times and no vibration has been noted. During the 
installation of these dampers the conductor was thoroughly 
looked over and no strand breakage had occurred. 


During a heavy snow storm on January 12, 1930, a failure 
took place on the Exchequer-LeGrand 110-kv. line. This line 
is constructed of 266,800-cire.mil 7-strand all aluminum con- 
ductor and is supported on wood poles spaced 350 ft. The 
conductor was pulled to approximately 1,000 lb. The break 
occurred at a suspension clamp and upon examination it was 
found that the nuts on the J-bolts had loosened due to vibra- 
tion, allowing the conductor to rub against the clamp and 
keeper so that a portion of the strands had parted. The 
snow load proved too great for the weakened conductor. 
This line was constructed some seven years ago and at that 
time no lock washers were used on these J-bolts. The balance 
of this line was inspected and three other clamps were found 
that had loosened in the same manner and where the con- 
ductor was badly worn. Where the conductor was rigidly 
held in the clamp, no damage was found to the strands. 

On the 70-kv. line from Merced Substation to Poso Junc- 
tion, which was constructed in 1927, a failure also occurred 
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during this snow storm. The cause was found to be a 
weakened conductor from broken strands due to vibration. 
The line is 266,800-cire.mil 7-strand all aluminum supported 
on wood poles with 350-ft. spans. An inspection of this 
entire line, which is 23 miles long, was made and damaged 
conductor was found along a stretch four miles long. The 
tension was checked and found to be from 970 lb. to 1,050 
lb. From one to three strands of the conductor were found 
broken at 43 poles out of the 65 in this distance. 


Tension was checked and the conductor examined on the 
balance of this line but no further strand failure existed. 
The tension was found to be from 800 to 900 lb. The whole 
line is exposed to prevailing winds at right angles to the 
line and the only reasonable explanation for the fact that 
the damage is restricted to the 4-mile stretch seems to be 
the slight difference in tension noted. 


Reinforcement was decided upon as the best procedure in 
this case and a method similar to that shown in Fig. 5 was 
used. It differed, however, in that two lengths of %-in. 7- 
strand steel messenger 6 ft. 6 in. long were used in con- 
junction with a 4-ft. 4-in. length of %4-in. messenger. The 
%s-in. strand entends 4 ft. 4 in. from the clamp center and 
the %4-in. piece extends 2 ft. 2 in. Thus the %-in. strand is 
double for 2 ft. 2 in. each side of the clamp center, this 
double part being the same length as the 4-in. strand. All 
is fastened to the conductor by means of four %-in. cable 
clamps. This assembly is shown in Fig. 11. 


NOTES ON CONDUCTOR VIBRATION FROM ONE OF THE 
WIRE MANUFACTURERS 


The summary of conductor vibration can be divided into 
three parts— 


1. The nature and cause of vibration in overhead con- 
ductors. 


2. The effects of vibration on conductors. 


3. Methods and means of avoiding or overcoming injurious 
effects of vibration to the conductor. 


It is now known that there is a definite tendency for some 
types of conductors when strung on overhead construction 
to vibrate under certain wind conditions. This tendency to 
vibrate and also the amount of vibration is affected by a 
number of different factors, such as size of conductor, its 
weight and tension, as well as by wind or climatic con- 
ditions. 


Effect of Size— 


For a given conductor material, smaller sizes tend to 
vibrate more than large sizes. For example, nearly everyone 
has noticed the vibration of small copper telephone and 
telegraph wires, such as No. 10, No. 9 and No. 8 A.W.G 
on wood pole construction. Slightly larger sizes, such as No. 
6 and No. 3 A.W.G. which are used on many lines of the 
power companies, are found to vibrate only at certain times 
and apparently only under certain peculiar conditions, while 
large copper conductors seldom, if ever, vibrate. 


EFFECT OF SPECIFIC WEIGHT OF CONDUCTOR MATERIAL 


Conductors of light weight material appear to vibrate more 
readily and more frequently than those of heavier weight 
materials. An example of noticeable vibration which was 
brought to our attention was on a line where a light weight 
large diameter weatherproof wire was used. The conductor 
size was about No. 4 and the insulation was approximately 
% in. thick with a result that the weight was small compared 
to the diameter. There is apparently a relationship between 
the tendency to vibrate and the ratio of the weight of the 
conductor to its diameter. The smaller this ratio, the greater 
the tendency to vibrate. 
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Conductor Shape— 


The shape of the conductor also has some bearing on the 
tendency to vibrate. For example, on one line which was 
being inspected regularly, No. 4 solid wire was found to 
vibrate quite frequently whereas a 3-wire strand of the same 
material, and approximately the same size, similarly installed, 
did not vibrate at any time when inspected. The ratio of 
the weight to the diameter was slightly less in the 3-wire 
strand than in the solid wire, but apparently the shape of 
the strand broke up any tendency for the wind to start the 
conductor vibrating, or for it to maintain or build up vibra- 
tions to any extent. 


Effects of Vibration on Conductors— 


When a conductor vibrates, the wire is subjected to a 
bending in conforming to a wave shape. This bending of a 
wire causes a bending stress in the wire, which stress is in 
addition to the stress due to normal tension. On the convex 
side of the bend, the stress is added and on the concave side 
the stress is reduced. The amount of this additional stress- 
ing depends on the amount of bending and on the wire 
diameter, or, rather, the radius of the wire. In most in- 
stances the vibration of the conductor causes no injury to 
the wire and it is only where the bending becomes excessive 
that failures may be expected. 


In the usual types of construction wire failures due to 
vibration seldom occur, although, if wire is strung with a 
tension very near: its elastic limit, or, rather, its endurance 
limit, the additional stresses caused by vibration would be 
expected to cause failures in the span. Usually breaks which 
do occur are at the points of attachment, that is, at the 
clamps, either at suspension supports or at dead-end sup- 
ports. At these points, the wires are subjected to appre- 
ciably more bending than at other portions of the span. The 
greater weight of the clamp causes it to have a high moment 
of inertia and movements of the wire result in the wire being 
rather sharply bent at the lip of the clamp, the effect being 
practically the same as where wire is held in a vise and bent 
back and forth until failure occurs. 


One other type of line trouble caused by vibration should 
be considered, that is, where the wires are improperly at- 
tached to pin-type insulators, either by being loose on the 
insulator or in having considerable play between the wire 
and the tie wires. For example, if the wire is attached to 
the insulator with a hard-drawn tie wire, the latter has a 
certain amount of spring and cannot be applied so that it 
has a close fit on the line wire. An inspection will show that 
the tie wire springs back somewhat like a coil spring and 
that clearance exists between the tie wire and the line wire. 
With this condition and vibration, the line wire keeps strik- 
ing and rubbing against the tie wire until nicks occur and 
failures follow. These failures are due to chafing and wear- 
ing and are not due to excessive bending such as previously 
menticned. The trouble is sometimes known as “tie wire 
burns.” 


Method and Means of Avoiding or Overcoming Injurious 
Effects of Vibration to the Conductor— 


Using conductors which experience shows are practically 
free from vibration is one method of avoiding all vibration 
difficulty. As previously mentioned, inspection of lines indi- 
cates that conductors which have high ratio of weight to the 
diameter are relatively free from vibration. Most of the 
large size power conductors on transmission lines and on 
long spans apparently meet this condition. There may not 
be any critical value of weight to diameter, which would dis- 
tinguish between lines that would and would not vibrate, 
and the effect may be only relative, however, it appears that 
the higher this ratio, the less tendency there is for vibration. 
It should also be noted that for a given material this ratio 
increases as the size of the conductor is increased. 
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Another means of guarding against failures due to vibra- 
tion is by having normal tensions in the conductors sufficiently 
low that when the bending stresses caused by vibration are 
added to the normal tension, the total stress does not exceed 
the endurance limit of the material. The fact that most of 
the lines in the heavy loading districts have relatively low 
stringing tensions (factors of safety of about 4 or higher) 
may be one of the reasons why most of these lines have 
functioned for years without any indication of vibration 
trouble. On construction in districts where vibration troubles 
are known to exist another safeguard is to use stranded con- 
ductors rather than solid wires. The maximum fiber stress 
caused by bending is dependent on the wire diameter, in- 
creasing directly as the wire diameter. In a strand, due 
to the slippage between wires, the maximum fiber stress 
is less than that in a solid wire of the same diameter, 
although not reduced to the extent that the maximum fiber 
stress is proportionate to the individual wire diameter. The 
reduction, however, is sufficiently marked that the strand 
would withstand appreciably more bending than solid wire 
of the same diameter. It should not be assumed from this, 
however, that solid wire is not applicable for overhead con- 
struction, as experience has shown that, where properly in- 
stalled, solid wires will give excellent service and are not 
subject to failures due to vibration. 


Fittings and Attachments to Wires— 


It is desirable to avoid all rigid attachments to the con- 
ductor, particularly on the smaller sizes of wires which are 
known to vibrate. Good flexibility may be had by proper de-. 
sign of clamps, both for dead-ending and for suspension sup- 
ports. It is also important that the weight of fittings be 
consistent with that of the wire. Heavy fittings, even though 
having flexible attachments, nevertheless have high moments 
of inertia compared to the wire and will not swing with the 
conductor but will act practically the same as a rigid sup- 
port. Instances are known where clamps suitable for %- to 
1%-in. strand have been used for supporting solid wires where 
special keepers or pieces of wire as fillers were required in 
order to grip the line wire. This type of construction can 
easily be the cause of failure. Various methods of damping 
vibration on overhead lines have been experimented with and 
reports have been made that effective results have been ob- 
tained in some instances. A large number of methods have 
been suggested, but probably many of these have not been 
tested as yet. Experiments in damping vibration are rather 
elusive, as under certain conditions very marked improve- 
ments can be shown by using a particular method of damp- 
ing, but with slight changes of other conditions vibrations 
are again in evidence with possibly as great an amplitude as 
under the previous conditions. 


One method now being used for overcoming breakage in 
wires is by adding reinforcing wires to the conductor where 
clamps and fittings are attached. The amount of reinforcing 
may be relatively large at the fitting and tapered off several 
feet on both sides of the fitting. This reinforcement has 
the effect of gradually increasing the stiffness, weight and 
inertia of a wire as it approaches the clamp, and also in 
obtaining more consistency in the weight between the fitting 
and the wire. It also reinforces the wires at the point where 
subjected to the greatest bending forces. It has been reported 
that some excellent results have been obtained by this means. 


Armor Rods to Reinforce Conductors Subject to Vibration— 


Fatigue of conductor strands is assumed to result from 
rapid alternation of the stresses concentrated on a very short 
section of cable at or near a theoretical point of reflection of 
the waves. Armor rods distribute the stresses over a longer 
length by virtue of the fact that they increase the resisting 
moment of the cable. They also have a damping effect on the 
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amplitude of vibration by virtue of the less perfect reflection 
point, or possibly, better stated, by the distributed reflection. 

Demonstration tests have been made on a large scale on 
spans 120 ft. long, in which very vigorous resonant vibration 
is forcibly maintained by means of a motor and spring con- 


nection. In these demonstration tests, the static tension in 
the cables has been taken at 70 per cent of the ultimate ten- 
sile strengtth. This tension is maintained for a period of 
about 30 hours until all measuring stretching has ceased 
before the vibration is started. This base tension is then 
maintained throughout the test. Under these conditions the 
unit stress in the aluminum strands is of the order of from 
17,000 to 18,000 lb. per sq.in. This stress in the aluminum 
is very much higher than would exist in any transmission 
line under conditions accompanying resonant vibration. This 
high stress value, however, is used to insure fatigue failure 
under vibration in the laboratory within a reasonable length 
of time. The use of armor rods has clearly demonstrated in 
a large number of tests a life under high stress conditions 
more than 50 times as great as without the rods; that is, 50 
times as many cycles to failure of conductor strands. Actu- 
ally one test has shown as high as 200 times. 


From these statements it cannot be directly argued that 
the life of an actual transmission line conductor is multiplied 
by 50 by the use of rods. The argument is rather that a 
reduction in stress is obtained by the use of the rods. Since 
there are many more lines which have not broken from 
fatigue than the number of those which have broken, it 1s 
presumable that stresses commonly existing on actual lines 
are more or less near the border line between safety and 
danger from vibration fatigue. It is therefore reasonably 
presumable that the reduction in stress resulting from the 
use of rods under high stress conditions will give adequate 
results under the lower stress conditions existing on actual 
lines. In this connection it should be remembered that 
resonant vibration is an “unloaded conductor” phenomenon 
and that the highest values of stress in the aluminum are 
probably on the order of 9,000 lb. per sq.in., and more fre- 
quently less than that. Actual field service has been observed 
on one line for a period of five years at certain points where 
fatigue breakage had occurred previously in a period of two 
years. Results have been entirely satisfactory to date, even 
though the rods are considerably less adequate than the 
present design. 


Armor rods protect the conductor against burning from 
insulator flash-overs and have a reinforcing effect on the 
tensile strength of a conductor. In this respect the rods 
act in a way similar to what a lineman calls a grapevine 
grip. Several tests have been made to show this tensile rein- 
forcement. A 50-ft. length of 397,500-circ.mil A.C.S.R. 
(30/7) was placed in a testing machine. At a point near 
the center all the aluminum strands were cut over a space of 
5 in. along the cable. Tapered rods were installed in the 


usual way and a suspension clamp applied in the usual way. 
The suspension clamp was centered over the severed strands. 





Fig.8. Armor rod reinforcement applied to 266,800 circ.mil all- 
aluminum conductor. Rods 48 in. long. 
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At a load of 19,160 lb. the cable failed by fracture of the 
steel core inside of the suspension clamp where aluminum 
strands were cut. The first slippage of any kind was noted at 
a load of 17,000 lb. This was a slippage of 1/16 in. 
noted at one end of the rod assembly. 

An exactly similar test was run, except that no suspension 
clamp was applied over the rods; i.e., the reinforcing effect 


It was 
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Fig.9. Armor rod reinforcement applied to 750,000 circ.mil A.C. 
S.R. Rods 10 ft. long. 


of the suspension clamp was omitted. Failure occurred by 
fracture of the steel core at the point where the aluminum 
strands were cut, and at a load of 18,600 lb. The first 
noticeable slippage was 1/16 in. at one end of the armor 
rod assembly and at a load of 14,000 lb. The nominal ulti- 
mate strength of 397,500-cire.mil A.C.S.R. (30 aluminum, 7 
steel strands) is 19,170 lb. 


PactFic GAS AND ELECTRIC COMPANY EXPERIENCE 


The Pacific Gas and Electric Company reports having ex- 
perienced serious trouble on only one line. The conductor is 
266,800-cire.mil, 19-strand aluminum strung at a very low 
tension. Strand breakage occurred at the suspension clamps. 
The conductor was reinforced by means of a jumper of the 
same material clamped and served to the conductor. The 
jumper was placed in the suspension clamp. The detail of 
this repair is shown in Fig. 10. 

CoNDUCTOR MOVEMENT DUE TO SHORT CIRCUIT STRESSES 

This subject was covered in a report on conductor move- 
ment published in the 1928-1929 Proceedings of the P.C.E.A., 
and in a paper by William S. Peterson and H. J. McCracken, 
Jr., of the Bureau of Power and Light of Los Angeles, pre- 
sented at the Pacific Coast convention of the A.I.E.E. at 
Spokane, August 28-31, 1928. 

The conclusions of the authors of this paper were as 
follows: 


1. It is necessary to take account of short circuit forces in de- 
signing overhead lines. 


2. Present mathematical and experimental data on the movements 
of overhead conductors during short circuits are very incomplete. 
A large field exists for research on this problem. 

38. It would seem that the improvements in system and line 
design that can come from a study of this problem would justify 
various central station companies in extending and making public 


the research on this subject. 


One operating company which uses a 4-pin, 8-ft. arm for 
its 3-wire, 11-kv. lines with 25-in. pin spacing between nearest 


—E&xisting Insulators 


Existing Suspension Clornp 


266,800CM. 19 Strand 


0, 25) A/ num 
Yr gol-O6 ene Aluminum Coble 


Liner (0"Long—_ 


Existing Line 


3-0" Approx. 


Fig. 10. Method of reinforcing conductors at suspensions on 100-kv. 
transmission lines. 
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wires has experienced some difficulty with these wires swing- 
ing together during short circuits. This occurred on spans 
less than 250 ft. long. As a result they have adopted a stag- 
gered center wire construction which gives an average 42-in. 
spacing. This increased spacing has resulted in eliminating 
the trouble. 

This same company has also had considerable difficulty with 
breakage of locust pins due to short circuit stresses. They 
are now using a steel pin on all main distribution lines. 


pares £ : 


Fig. 11. Damage to 266800 circ.mil all-aluminum conductor. 





As system and substation capacities increase, the possible 
short circuit current values and resultant mechanical stresses 
also increase materially. Considerable data is available re- 
garding such stresses in buses and their supports but very 
little has been made public with respect to movement of 
conductors and the resultant stresses in their supports for 
overhead lines. The conclusions of Messrs. Peterson and 
McCracken, quoted above, to the effect that further study 
and research on this subject is justified, are well taken. 





Method of reinforcement. A. Clamp as found with j-bolt nuts 


missing. Strands of conductor partly worn. B. Conductor which parted after being damaged by vibration. C. Reinforce- 
ment applied to this line. D. Detail of reinforcement. 
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CONDUCTOR MOVEMENT DUE TO ICE OR SLEET UNLOADING— 
“DANCING CONDUCTORS” 


Reports of "dancing conductors” have been quite prevalent 
during the last few years from other parts of the country 
and have resulted in considerable discussion in the press. 
Very little such trouble has been experienced by the Pacific 
Coast companies, however, but some outages have been caused 
from snow or ice unloading from a lower conductor, causing 
it to whip up into a loaded conductor over it. This has oc- 
curred principally on lines using vertical construction and on 
long spans. One method used to obviate this trouble is to 
place the middle conductor so that it is not in the same plane 
as the other two. 

The fellowing comment from the California Oregon Power 
Company regarding the use of armor rods, which involves 
also an instance of ”jumping conductors” is quite interesting. 


Armor rods have been giving satisfactory protection, so far as I 
know. We are installing them uniformly wherever we use steel 
core aluminum. We are using aluminum only on rural lines and 
in sizes 2 and 4, mostly No. 4, and on spans averaging 400 ft. and 
up to 500 ft. 

We have had no further trouble from loss of insulators on 110-kv. 
lines due to whip loads from dropping snow loads. We had only 
one case of this trouble on a line built in 1924. 

We recently had a peculiar case of “jumping conductor.” Our 
line No. 12 was built in 1922 and described in the Jan. 20, 1923, 
issue of the Electrical World. We have just increased the voltage 
on this line from 66 to 115 kv., adding three insulators to the orig- 
inal string of four. It is now reported to us by our patrolmen 
and operators that whenever it rains the wires jump. They say 
that all three wires move vertically as much as 3 or 4 ft. This 
does not occur at any other time and does not take place when 
there is wind. The rain alone seems to do the trick in a dead calm. 
The conductor is No. 2/0, 7-strand, medium hard drawn copper, and 
the insulators are ball and socket. Wire was supposed to have been 
strung to the N.E.S.C. heavy loading, which gave a stringing 
tension at 60 deg. on a 5090-ft. span of 910 Ib. I believe the actual 
stringing tension was more nearly 10 or 12 per cent higher than 
this. The spans average 500 to 600 ft. in those districts where the 
jumping has been noted. The entire line does not jump, but several 
miles at the power house end and other sections farther up have 
heen so observed. ‘ 


From the foregoing experiences it is quite evident that 
under certain conditions vibrations are set up in overhead 
conductors that may greatly shorten the life of the conductor 
and its supports and may cause costly outages and repairs. 
While much excellent work has been done toward providing 
methods to obviate or minimize this trouble and these 
methods have proved quite satisfactory in many instances, 
there are-some cases that they have not materially helped. 
Experimental work is being continued in an effort to find 
an answer for all cases. 

The problem is one that merits thought and investigation. 
Because the danger to the conductor may be hidden by its 
supporting clamps it may be overlooked until a serious 
failure results. Then the real cause may not be corrected 
but the trouble attributed to other faults. Existing lines 
that may be considered free from vibration trouble may be 
more or less damaged. If vibration is suspected it will be 
well worth while to investigate the condition of the con- 
ductors. 

Further study of movement of conductors due to short cir- 
cuits and the stresses resulting therefrom is needed so that 
lines may be properly spaced and their supports given suffi- 
cient strength. 

In the snow and sleet regions line design should be such as 
to guard against the sudden unloading of one conductor, caus- 
ing it to whip into one above it, and where “dancing con- 
ductors” occur, the design should be such as to care for this 
movement. 


It is the hope of this subcommittee in presenting this 
report that the experiences and comments herein may prove 


of value to those charged with the duty of constructing and 
operating overhead lines. 
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Corrosion of Metals* 


This report deals particularly with the corrosion of 
transformer cases, hangers, pole top switches and line 
hardware. 


FTER due consideration of all the reports submitted by 

member companies, the committee feels that the best 
solution to date of corrosive troubles lies in the use of a 
good grade of galvanizing. 


TRANSFORMER CASES 


The corrosion of sheet steel transformer cases, particularly 
in areas adjacent to salt water, has caused some trouble. 

The Southern California Edison Company has adopted 
aluminum paint with a varnish vehicle base as protection. 
This was done due to the fact that the aluminum is more 
resistant to moist atmosphere and direct rays of the sun 
than any comparable protective coating. The aluminum is 
applied with a spray gun for the reason that a better coating 
is obtained than if applied by brush. It is expected that the 
aluminum will resist corrosion for a period of ten years. 

While all companies agree that galvanizing has merit, they 
are not quite ready universally to specify galvanized trans- 
former cases. The Pacific Gas and Electric Company reports 
the use of galvanized radiators on power transformers. This 
is working out very well. 


TRANSFORMER HANGERS 


The corrosion of black metal transformer hangers has 
caused some serious troubles for a few of the companies and 
they have now adopted galvanized hangers. In one case of 
corrosion reported, the hangers of a 74%-kw. transformer 
failed due entirely to corrosive action permitting the trans- 
former to drop, causing severe damage. 


PoLe Top SWITCHES 


Several companies report considerable trouble due to cor- 
rosion of clamping bolts and hardware. These bolts and 
pieces of hardware had been galvanized but the work was 
apparently of an inferior nature. 


LINE HARDWARE 


Considerable trouble has been caused by corrosion of 
pressed steel clevises. All of the clevises giving trouble were 
galvanized but apparently the work was of an inferior 
nature. 

A number of specimens of stainless steel clevises have been 
installed and the results noted from time to time. The 
observations indicate that stainless steel is not immune from 
corrosion. Several reports indicate that specimens have 
corroded within a three-months’ period. 


CORROSION IN GENERAL 


Reports indicate that corrosion is still causing trouble to 
tower steel. Paint has been used primarily as an anti- 
corrosive application and the indication is that unless the 
steel is properly prepared either by sand blasting or chip- 
ping, the paint is but of little value. Where sand blasting 
has been resorted to, the results have been good. One com- 
pany is considering a new process for use on steel towers 
known as a metal spray. This consists of coating iron and 
steel with zinc or any other material which may be desired. 

For earth footings located in alkaline soils one company 
has found it advisable, in addition to galvanizing, to apply a 
coating of asphalt emulsion. This is done in the field by 
dipping and the coating is approximately 1/20-in. in thick- 





* Report of subcommittee on corrosion of metals, overhead systems 
committee, Engineering Section. N. P. Carlsen, chairman. C. A. 
Andrews, F. E. Blausey, C. B. Carlson, M. N. Clark, A. S. Glasgow, 
W. W. Glosser, C. B. Judson, G. E. Nott, H. M. Teppersen, C. C, 
Wilson. 
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ness. 


Asphaltic emulsion seems to be one of the few effective 
coatings which will adhere to a galvanized surface. 


CONCLUSION 

The committee suggests the adoption by all companies of 
galvanized transformer hangers. 

The committee recommends for pole top switches the use of 
bronze or similar alloy or a good grade of galvanized hard- 
ware. 

For line hardware the committee suggests the use of 
so-called galvanized malleable iron wherever possible, or, if 
pressed steel is used, it should be thoroughly galvanized. 

The committee recommends the adoption by all companies 
of standard specifications for galvanizing. Refer to specifi- 
cations which are being considered by the American Stand- 
ards Association. 


Methods of Securing Satisfactory 
Grounds* 


During the past year the subcommittee on the above 
subject has been continuing the study started a few years 
ago. This study included the various types of grounds 
such as water pipe, gas pipe, and driven grounds under 
various soil conditions and during the dry and wet sea- 
sons. The object of the study has been to determine the 
most satisfactory grounds consistent with as low a cost 
as possible. 

HE question of the cost of grounds is unusually ;romi- 

nent due to the larger number of grounds now revuired, 
particularly on systems requiring multiple grounds. In adc: 
tion to the original cost of grounds, the question of main- 
taining them and of testing them periodically is an eyuall, 
important factor. 

From the studies conducted so far the following conclu- 
sions appear to be outstanding: 

1. The most satisfactory ground and the one which appar- 
ently shows the least variation throughout the seasons is the 
water or gas pipe ground. However, the use of water sys- 
tems may be curtailed somewhat as indicated later. 

2. Where conditions are such that driven grounds are the 
only ones available it is advisable to use two driven grounds 
in place of one as has been the practice in the past. By the 


* Report of subcommittee on grounding, overhead systems com- 
mittee, Engineering Section. E. R. Stauffacher, chairman. P. Die- 
derich, O. R. Evans, J. H. Fagg, A. R. Fryklund, A. S. Glasgow, 
G. A. MacDonald, E. A. McGinty, E. Y. Porter, M. C. Richardson, 
G. A. Riley, Ray Sheppard, D. D, Smalley, E. Walters, 





use of two grounds driven at a distance of six feet or mor? 
apart, considerable decrease in resistance can be obtained 
at a comparatively slight increase in cost over the single 
and less satisfactory ground. 

3. The availability of accurate, portable, self contained, 
resistance measuring instruments capable of measuring a 
wide range of vaiues makes the problem of obtaining initial 
and periodie tests of grounds much simpler and less expen- 
sive than heretofore. The elimination of the necessity of 
using the three-point method for ground testing, requiring 
considerable equipment and time, and using in its place the 
modern resistance measuring @evices, is one of the outstand- 
ing features in securing and maintaining satisfactory 
grourds. 

In regard to the use of water systems for grounding, the 
present attitude of th» American Water Works Association 
will do doubt have sume bearing on this practice. During 
1929 at a convention of the American Water Works Associa- 
tion, its 1920 indorsement of the grounding of secondaries 
of lighting transformers was modified as follows: 

1. The A.W.W.A. approves the practice of grounding the sec- 
ondaries of lighting transformers on water pipes for the purpose 
uf safeguarding life and property, provided that appreciable electric 
current flows over such ground connections only during compara- 
tively short and infrequent intervals when the ground connections 
are fulfilling their specific protective purposes, and provided that 
such ground connections impose no responsibilities on the pipe own- 
ing company. 

2. The A.W.W.A. is opposed to the use of water pipes as elec- 
trical conductors, except as noted above, and since experience with 
certain power distribution practices which have come into use, has 
shown that grounding may result, and in many cases has resulted, 
in hazard to the pipe structures and water works emplovees, it 
hereby withdraws its former general endorsement of gro 
water pipes. 


nding on 


From this resolution it is apparent that in the future 
more dependence will have to be placed on driven grounds 
and probably certain restrictions will be placed on the use 

f water systems. The question of grounding to the gas 
-vstem has beer: discussed in the committee meetings. Modern 
gas system piping is generally built up with welded joints 
between the sections of pipe, and as a result the gas system 
inay be equally as good as the waetr system for a ground. 
dowever, the members present at the meetings expressed 
the opinion that it might be some time before all the oper- 
ators of gas systems become convinced that no danger will 
result to their systems as the result of grounding to them. 

The use of driven grounds for distribution systems has 
been ziven considerable study during the past five years, 
particularly from the standpoint of methods of installing 
and reliability of maintenance. The second phase of this 
subject has been a study of methods to reduce the cost to a 
minimum consistert with obtaining grounds having a reason- 
ably 'ow value of resistance. The third phase is the utiliza- 


TABLE I—Ground resistance test data—3-point method. 





Location of 


Resistance Values 


Test Rod Type of Soil —— -— - ~ — - 
Test Rod Auxiliary Grounds 
(All points in vicinity of Los Angeles) Resistance—Ohms Resistance—Ohms 
Apr. Sept. Jan. Apr. Sept. Jan. Apr. Sept. Jar 
1929 1929 1930 1929 1929 1930 1929 1929 1930 
La Canada 
Pole number 203434-E.......... Coarse sandy loam. . ‘ 51 68 80 0.07 Neg. Neg. 44 121 52 
Water pipe Guy wire 
La Crescenta 
Pole number 29261-E. . .. Sand and small boulders. 367 1061 361 251 678 572 56 119 101 
System ground rod Water pipe 
Flintridge 
Pole number 202593. . . . Fine sandy loam... 11 11 14 25 46 39 30 100 93 
System ground rod Guy wire 
Alhambra 
Pole number 175736-E Clay and loam... 8 7 8 4 6 7 0.89 0.94 ..4 
System ground rod Ornamental street 
lighting ground bus 
San Gabriel 
Pole number 92081-E.. A. ee ee eee “a 89 151 161 74 103 93 11 0.24 10 
System ground rod Water meter 
Rosemead 
Pole number 257913-E.......... Black adobe and sand..... 21 26 21 18 20 23 


a 3.3 3.2 


System ground rod Water meter 
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TABLE II—tTests showing varying ground resistances encountered in 
Long Beach, Calif., area. 


Resistance of 


Resistance of 


Resistance of 








TABLE I1I—Ground tests in the vicinity of Redondo, Calif. 


Resistance of 


Resistance of 





Ground Auxiliary Auxiliary Ground Auxiliary Auxiliary 
Under Test sround Ground Under Test Ground Ground 
Pole No. (Ohms) (Ohms) (Ohms)* Pole No. (Ohms) (Ohms) (Ohms)* 
153500E...... Water main 1 ‘Overhead grid Guy anchor (100 ft.) No number...2 1 in. x 8 ft. pipes Overhead grid Rod driven in water 
R = 0.2 R =—0.1 R = 6.2 R =3.5 R =1.27 R = 3.0 (45 ft.) 
194904E......11in. x 8 ft. pipe Overhead grid Water pipe (75 ft.) 69600E...... 2 1 in. x 8 ft. pipes Overhead grid Guy anchor (22 ft.) 
R = 13.8 R = 0.12 R = 0.13 R = 2.3 R = 0.8 R =7.5 
21S5S0R. «2... 2 %in. x 8 ft. Overhead grid Water pipe (15 ft.) 314730E...... 21in.x 8ft. pipes Overhead grid Guy anchor (45 ft.) 
copperweld rods R = 0.12 R =0.11 R =2.2 R = 0.62 R =9.5 
R = 2.74 398375E...... 21in.x 8 ft. pipes Overhead grid Guy anchor (120 ft.) 
164009E...... 1 Lin. x 8 ft. pipe Overhead grid Guy anchor (20 ft.) R =3.4 R = 0.67 R = 16,1 
R= 12.7 R=0.51 R = 23.0 350422E .2 1 in. x 8 ft. pipes Overhead grid Metal fence in water 
399508E...... 2 Sin. x 8 ft. Overhead grid Water pipe (30 ft.) R = 1.82 R = 1.15 (50 ft.) 
copperweld rods R = 0.12 R = 0.22 R 0.57 
= 6.5 32808E....... 1 1 in. x 8 ft. pipe Overhead grid Isolated water 
39052748....... 1 1 in. x 8 ft. pipe Overhead grid Water pipe (80 ft.) R = 14,7 R = 1.06 System (45 ft.) 
R =2.1 R =—0.1 R =0.1 R = 1.76 
307693E .1 1 in. x 8 ft. pipe Overhead grid Water pipe (50 ft.) GB7SOEB..6..5: 2 1 in. x 8 ft. pipes Overhead grid Water pipe (85 ft.) 
R = 3.1 R = 0.07 R=0.11 R = 3.8 R = 0.61 R = 1.04 
163957E...... 2 %in. x 8 ft. Overhead grid Water pipe (65 ft.) 38614E.......50+ Water main Overhead grid Steel auger (40 ft.) 
copperweld rods R =0.18 R =0.17 R = 0.37 R = 0.80 (3 ft. in ground) 
R=4.4 R = 147.0 
| eee 1 1 in. x 8 ft. pipe Overhead grid Water pipe (90 ft.) StaTI9R.. 2s: 2 1in. x 8 ft. pipes Overhead grid Water pipe (75 ft.) 
R = 0.53 R = 0.18 R =0.15 R = 16.0 R =1.3 R =0.19 
S720 tesa swt 1 1 in. x 8 ft. pipe Overhead grid Water pipe (35 ft.) 358824E......2 lin. x 8 ft. pipes Overhead grid Water pipe (45 ft.) 
R = 3.7 R=0.1 R =—1.5 = 8.1 R = 1.6 R=0.5 
324462E...... 2 %in. x 8 ft. Overhead grid Guy anchor (18 ft.) SU0SSE. .cctec Water main Overhead grid Driven iron rod 
copperweld rods R = 0.41 R= 15.0 R = 0.36 R= 1.0 (40 ft.) —(5 ft. in ground) 
R = 1.76 R = 53.0 
220564E...... 2 %in. x 8 ft. Overhead grid Guy anchor (30 ft.) No number. ..2 1 in. x 8 ft. pipes Overhead grid Guy anchor (65 ft.) 
copperweld rods R = 0.68 R = 82.0 R=+9.9 R = 0.75 R = 48.0 
R = 32.0 228979E...... 2 1 in. x 8 ft. pipes Overhead grid Water pipe (65 ft.) 
220544E...... 1 1 in. x8 ft. pipe Overhead grid Water pipe (45 ft.) R =2.7 R = 0.79 R = 1.25 
R = 13.2 R = 0.15 R = 1.44 BRUTE as Oe Water main Overhead grid Steel auger (22 ft.) 
SS719SE...2 0% 1 1 in. x 8 ft. pipe Overhead grid Guy anchor (25 ft.) R = 0.32 R = 0.64 (2.5 ft. in ground) 
R = 18.6 R = 0.57 R = 61.0 R = 22.0 
*Distances noted are from pole to auxiliary ground. * Distances noted are from pole to auxiliary ground. 
TABLE [IV—Ground rod tests in Dundas (Ontario, Canada) rural power district. 
Date, Feb. 23-27 — Temp., 36 degrees F. to 38 degrees F. — Weather, a.m. dull; p.m. clear — Snow, soft and wet, very sloppy. 
Previous 
Transformer Micro- Cal. Test Auxiliary Used 
Location Amp. Curve. Amp. Volts Ohms _si Resistance Ground Remarks 
ay 6” tpgeanbie 72 b 8.4 266 31.7 17.2 ee. CS OS keane 
42 62 b 7.9 184 23.4 aa. ae OO Lem eines 
me.) - - dahl eee eee wes aeiten 61 b 7.85 160 20.4 13.6 See ae ee eee 
ap 6 Ge A Cae teens cee. 68 b 8.2 232 28.3 14.1 Iron fence post Frost 13 in. deep. 
4i 72 b 8.35 172 20.6 14.0 ee. |. « © | vegeedees 
Me) wi cp pat usie rit ela acaee a a aaa een aoe are 72 b 8.35 172 20.6 13.4 eee 
31 74 b 8.45 162 19.2 11.1 Rea eee -  Cti‘“‘é~— LC we 
30 18 a 3.65 112 30.6 i Anchor Guy wire around 
both grounds. 
29 82 b 8.8 70 7.9 $.5 Anchor In barnyard drain. 
Bes reer, OF ne eee, CoA 73 b 8.4 235 28.0 14.4 Lightning rod-barn Beside woods 
ee.” ates kg Woah beg MER Me ee oe od 66 b 8.1 348 43.0 30.8 Anchor Beside woods 
a's cde sn ce h Ad Sees eae 32 b 6.1 675 110.0 61.3 ) | eee ae re 
ie IE Oe nach hive io 5 ole ie x ota a ie ead OS ne 77 b 8.6 198 23.0 15.0 Service ground-house Exposed to frost. 
M. Ciaramicole. . . 68 b 8.2 238 29.0 16.6 Lightning rod-barn Exposed to frost. 
RR cock ss os 6. sce heise a ae eee ORS Ae 62 b 7.9 330 41.8 13.3 Anchor Exposed to frost 
ee ERs 50's. Gis \ He whalbnre a unis eS oom 68 b 8.2 234 28.5 15.6 Anchor Exposed to frost 
I a, ns aves nines Wah aliom de labs Inala Ra 60 b 7.8 190 24.3 15.5 Anchor Exposed to frost 
Fas IE I. «9 0's" e.wkinle'p Mile bor aisha ke eae eae 70 b 8.25 242 29.3 16.6 Service ground-house Exposed to frost 
ha ERS «6b ck was wwe bia thd ae dke un ceoeeba 70 b 8.25 212 25.7 14.0 Anchor Exposed to frost 


Date, Feb, 22-27. — Temp., 28 degrees F. to 32 degrees F. — Weather, a.m. clear; p.m. dull; 3:30 p.m. heavy snowfall. — 6 in. to 1 ft. of fresh snow, dry and light. 


Transformer 
Location 


691 
702 
54 
53 
52 


Harpers Corne 
66 
65 
56 
57 
58 
59 
60 
61 
62 
68 
67 


1—Pole at location 69 was on level ground. 





TABLE V—Ground rod tests in Dundas (Ontario, Canada) rural power district. 





TS..2- 


wee e eee eee eee eee eee eee eee ee ee ee 





Micro. Cal. 
Amp. Curve Amp. 
99 b 9.45 
104 b 9.6 
49 b 7.25 
54 b 7.5 
30 b 6.0 est 
25 a 5.3 est 
32 b 6.3 
72 b 8.35 
92 a 6.55 
84 a 6.35 
52 b 7.4 
50 b 7.8 
47 b 7.45 
115 a 6.95 
65 b 8.1 
64 b 8.0 
122 a Zee 
72 b 8.3 














2—Pole at location 70 was on side of ditch and frost depth was taken at right angles to surface. 
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Previous 





Resistance of 























62 per cent increase due to frost averaging 18 in. penetration. 
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Test Auxiliary 
Volts Ohms _s Resistance Ground Used 
220 23.3 14.0 Gas tank 
310 32.2 20.0 Iron fence post 
402 55.5 40.0 Gas tank 
380 50.8 32.0 Iron pump 
900 150.0 108.0 Tower high tension line 
On hill 
1,000 188.0 110.0 Tower high tension line 
650 103.2 54.0 Iron fence post 
162 19.4 14.2 Service ground at house 
570 87.4 30.0 Service ground at church 
750 118.0 66.0 Telephone ground at house 
345 46.7 45.5 Anchor 
590 81.0 37.2 Anchor 
500 70.0 74.7 Anchor 
530 76.5 43.0 Lightning rod-barn 
260 32.2 25.4 Anchor 
305 38.1 27.0 Anchor 
222 31.0 18.1 Anchor 
252 30.5 16.6 Iron pump 
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Remarks 


Frost 20 in. deep 
Frost 16 in. deep 
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tion of known methods of testing to determine the value of 
the grounds and the use of self-contained testing instru- 
ments. The present tendency as well as the standard prac- 
tice of at least one company is to drive two ground rods at 
a minimum distance of six feet apart and to connect both 
ground rods to the ground wire which leads down the pole. 
This connection between the rods and the junction is made 
by rugge! connectors and No. 2/0 bare cable. The size of 
the wire leading down the pole is no smaller than No. 4. 


In the past the generally accepted method of testing to 
determine the resistance of a ground has been by the so- 
called “three-point method.” During the past year compari- 
sons have been made between this method and the use of 
self contained portable testing instruments of the “megger” 
and “ground ohmer” types. As the result of these experi- 
ments as well as from considerable field experience, it has 
been found that these instruments check each other very 
closely and also check the values taken by the three-point 
method. The ease and speed with which the resistance 
values can be obtained with the portable instruments makes 
their use quite desirable from the standpoint of speed and 
cost of doing the work. As a result of this there is nc doubt 
but that in the future more distribution grounds will be 
tested both at the time of initial installation and at more 
frequent intervals than is possible with the three-point 
method. 


The tests which have been made during the past year show 
that the resistance values of multiple grounds incorporated 
in the “overhead ground grid” is quite low and well within 
the tentative values considered as a safe value of resistance. 


Attached to this report are a number of tables giving the 
resistance values of a number of ground rods and water pipes 
together with the auxiliary ground used in making the test. 
All of the tests were made in the Pacific Coast territory 
except the tests submitted from Canada, which arrived too 
late to be included in the last year’s report on grounding. 


GROUND TESTS—HyYDRO-ELECTRIC POWER COMMISSION OF 
ONTARIO 


Resistance Tests on Driven Grounds—During November, 
1926, tests were made on 37 isolated ground rods used at 
transformer locations in the Dundas rural power district. The 
values obtained were believed to be low since the tests were 
made just after a very wet season. It was proposed by the 
committee on driven grounds that further tests should be 
made on these same rods to show the change in resistance 
with the change in seasons. To show the effect of frost on 
the resistance, the rods were tested a second time in Feb- 
ruary, 1927, wher there was an average penetration of 18 
inches. The results of this test are shown in Table IV. 


Comparing Average Results 


Average resistance of 37 grounds, Nov., 1926—30.2 Ohms. 
Average resistance of 37 grounds, Feb., 1927—49.1 Ohms 
Increase in resistance 62 per cent. 


Two of the rods (locations No. 57 and No. 59) included 
in these tests had been treated with salt. The variation in 


resistance before and after salting and under frost condi- 
tions is of interest. 


Resistance Tests—Driven Grounds 


No. 57 No. 59 
Resistance in ohms, Nov. 4, 1926....................--.s-sss00 66 150 
Salt treatment carried out on Nov, 6, 1926. 
Resistance in ohms, Nov. 10, 1926.......................00:-0 45.5 74.7 
Resistance in ohms, Feb, 22, 1927.................--csccseess 46.7 70.0 
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Essential Features of a Multi-Party 
Joint Pole Contract* 


A joint pole contract must be administered and oper- 
ated on a non-profiting basis for the utilities involved. 
Its obligations and responsibilities are mutual. The 
closest scrutiny should be given to the economic values 
involved. These notes are intended to specify the funda- 
mentals of such a contract and to enumerate certain 
principles in equity. This shows the contract in perspec- 
tive. The data are available for a complete economic 
study of joint use and it is hoped that a future com- 
mittee will undertake this task. 


Part I—FoORM OF CONTRACT 
Section 1. Preliminary— 


—— legal preamble to the contract may include the names 

of all utilities or subscribers thereto. However, as the 
contract is effective and enforceable only as applied to subse- 
quent specific agreements, supplementary to the contract, a 
statement of the original subscribers, general in character, 
is usually held sufficient, referring also to such other utilities 
as may hereafter subscribe to the contract. Specify the limi- 
tations affecting the life of the contract. 


Section 2. Scope— 


The contract should include principles and practices only as 
far as practicable. There should be no abridgement of exist- 
ing rights or of those which may hereafter be obtained. The 
right to abrogate if practicable or maintain if desirable pre- _ 
existing obligations should be clearly established. The right 
to buy, sell or lease plant in whole or in part should be in- 
cluded. State the method whereby other utilities may enter 
into and fully participate in joint construction under the 
contract. Also, the method whereby any utility may with- 
draw from the contract and give status of existing joint 
poles in case of such withdrawal, and procedure for opera- 
tion and replacement of such plant thereafter. The contract 
should not imply, by inference or otherwise, that any fran- 
chise or rights are conveyed by joint use. Each utility must 
operate under permits or franchises granted by legally con- 
stituted authority. Define the general area where contract is 
operative, and give other limitations necessary or desirable 
within the scope of such a contract. 


Briefly, the intent of the contract should be to use the least 
number of poles practicable for all purposes of the sub- 
scribers thereto, each utility retaining for itself the right 
to determine all matters affecting it, pertaining to entering 
into joint use, continuing in or abandoning joint use. The 
primary purpose of the contract is to promote the joint use 
of poles and facilitate the initiation and completion of specific 
transactions in accordance with the principles and practices 


of the contract and specifications which are a part of the 
contract. 


Section 3. Organization— 


In organizing to administer the contract, complete inde- 
pendence of the utilities should be maintained. This implies 
equal representation and authority for each utility, regard- 
less of its magnitude or affiliations. An association or com- 
mittee of the utilities meets the requirements of such an 
organization. This should be an unincorporated non-profiting 
unit of co-operation with one representative selected by each 
utility. This requires the usual necessary officers and will 
involve certain by-laws covering general and specific re- 





* Report of subcommittee on joint pole practice and construction 
rules, overhead systems committee, Engineering Section. J. E. Mac- 
donald, chairman. C, A, Bennett, H. L. Caldwell, D. I. Cone, R. 


B. Hill, C, T. Mess, A. C, Putnam, L. B. Smith, R. M. Spencer, C. 
E, Young. 
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quirements, such as meetings, proper notices, manner of 
securing decisions, rights of absent representatives, proxies 
and such other matters as may seem to be desirable. 


Section 4. Administration— 


Administration is effected through the central organization, 
committee or association with a secretary-treasurer as the 
administering executive, subject to the full direction of the 
representatives of the utilities in the central organization. 
Define the secretary’s duties and responsibilities, the manner 
of his selection and replacement, the manner of fixing his 
compensation and expenses. 

State regulations governing notices of meetings, order of 
business, and quorum. In general, no business should be 
taken up at one meeting and passed upon at that meeting, 
without proper notice having been given to all utilities at 
interest, unless, with full representation, the question may 
be decided upon unanimously. The administration should 
include the responsibility for preparation of plans and speci- 
fications for construction and reconstruction, initiation and 
completion of the records. The actual construction and 
operation of lines or the erection of poles for any of the over- 
head lines, are not functions of the central organization. 


Section 5. Operation— 


Decentralized operation and responsibility by utilities at 
interest with co-ordinated control by central organization 
is desirable. This may be effectively accomplished through 
local greups or committees. The secretary-treasurer usually 
acts '. similar capacity for local groups. 

»pecial agreements supplementary to the general contract 
ure necessary for each specific transaction. These are local 
in character and should take the form of an authorization 
in writing for the approval of utilities at interest. Authori- 
zation may include all manner of joint pole work of what- 
ever nature, provided it is in accordance with the principles 
and practices of the contract. All authorizations and other 
agreements affecting joint use, may be negotiated directly 
between the utilities at interest, but must be cleared through 
the central organization for permanent record. 


Section 6. Limitations of Joint Use— 


Joint use by two supply utilities with circuits at the higher 
transmission voltages, is not recommended as a general prac- 
tice, nor by supply and communication utilities where supply 
utility’s requirements include or propose to include, certain 
voltages detrimental to effective operation of the communi- 
cation plant, or where the communication utility’s require- 
ments include toll or long distance lines. These problems as 
they arise should be considered on their merits and their 
analysis based on the best engineering solution. In general, it 
will be found that joint use is preferable to conflicting lines 
in co-linear construction. 


Section 7. Liability— 


It is frequently the practice to include a liability clause in 
joint pole contracts. The contention has been made at times 
that this is unnecessary for the reason that damages inci- 
dent to joint use of poles are readily adjusted as between the 
utilities affected under the general principles of the con- 
tract. In other cases involving joint poles, adjustments must 
be made from a legal standpoint only and a liability clause 
has little bearing on the status of the damages incident to 
joint use. However, the intent of such a clause should be 
to hold the utility or utilities responsible for damages liable, 
in accordance with the facts which must be established. 


Section 8. Arbitration— 


In case of disputes arising out of the joint use of poles, the 
matter in dispute should be referred to the managements of 
the utilities at interest for settlement. In the event that said 
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utilities cannot agree the matter may be referred for decision 
to a board of arbitration, consisting of persons who should be 
disinterested as between the parties to such dispute. 


Section 9. Amendments— 


Amendments to the contract may be initiated by any utility 
which is a party to the contract by submitting proposed 
amendment in writing to all parties to the agreement. This 
should be referred to the managements of the utilities for 
execution, and when signed by all utilities should become im- 
mediately effective. 


Section 10. Prices, Joint Use and Salvage, Authorized Costs 
In Routine Operations and Equipment— 


Pole prices and salvage for the various species permitted 
under specifications should be established by agreement, from 
time to time, from analysis of the costs obtained from the 
various utilities. Prices are usually fixed at the value of 
poles erected and ready for joint use in accordance with the 
specifications. Salvage values are net. It will be found 
that a large number of routine operations between utilities 
may be adjusted on a fixed cost basis obviating the necessity 
for keeping costs and rendering separate bills for minor 
transactions. Equipment may be handled in the same man- 
ner. An investigation into the construction and maintenance 
costs will provide satisfactory rates covering all phases of 
construction and reconstruction. 


Section 11. Principles to Be Applied to Specific Transac- 
tions— 


The utilities at interest determine the details of joint use 
in specific transactions in accordance with principles and 
practices of the contract. The specifications should closely 
follow code practice but it will be necessaary to supplement 
same with various provisions pertinent to such a contract. 
As such, the specifications should be set up as a separate 
part of the agreement. In general, all expenses involving a 
joint pole or line of poles are a joint expense and should be 
distributed equitably after a thorough investigation into the 
economic conditions governing construction and operating 
costs. 


Section 12. Billing for Equities— 


The owner or owners of pole to be used jointly with other 
utilities should be allowed to bill said utilities for the equity 
charges as determined by contract. Such bills should be due 
and payable as soon as the officials of parties to the contract 
have agreed to such joint ownership and poles have been put 
into condition as required and record completed. 


Section 13. Relinquishments— 


Any joint owner may relinquish its equity in joint poles 
and may be relieved of its obligations incident thereto. This 
requires proper notice in writing and the removal of its 
wires, cables and other property in accordance with the con- 
tract. Poles removed or relinquished shall be disposed of at 
salvage value between various utilities which are joint 
owners. 


Section 14. Assignments— 


In general, no utility to the agreement should be permitted 
to assign or otherwise dispose of its rights or equities under 
the agreement to any person, firm or corporation without the 
written consent of the other utilities or their successors at 
interest, except that nothing should limit the right of any 
party to the contract from making a lease sale, conveyance or 
assignment to all or part of its properties, privileges or fran- 
chises, or to enter into any consolidation with, or be suc- 
ceeded by another utility or utilities in manner authorized 
and provided by law. 
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Section 15. Taxes and Assessments— 


Each party should pay all taxes and assessments lawfully 


levied upon poles jointly owned in proportion to the joint 
interest therein. 


Section 16. Clearance Arms and Service Wires— 


It is not the practice to make a charge to parties to the 
contract for attachments to foreign poles when such attach- 
ments provide or maintain horizontal clearance from pole 
or wires only. Service wires may be attached to poles with- 
out charge in order to provide vertical clearance but the 
span length involving service should be limited. 


Section 17. Guys and Anchors— 


It is frequently the practice to permit guy wire attach- 
ments to existing poles, stubs and anchors without charge 
upon application in writing to the owner of such property. 
In new work, the practice is to set stubs and anchors at 
joint expense, each utility doing its own guying. 


Section 18. Shares and Space on Jointly Owned Poles— 


This type of contract is based on the principle of joint 
ownership in poles used and such ownership should be an un- 
divided equity or interest. The relation between shares and 
space should be established from an economic study of the 
values involved, bearing in mind that a multiplicity of classi- 
fications of shares and space is not desirable, yet the situa- 
tion demands an equitable division involving the maximum 


space for unlimited facilities and restricted space for limited 
facilities. 


Section 19. Maintenance, Renewals or Removals of Joint 
Poles— 


Maintenance on joint poles should be paid for by each 
utility in proportion to its joint ownership therein. Renewals 
or removals may be made at the request of any utility and all 
joint owners participate in the salvage on poles removed. 
Each utility transfers its own equipment in accordance with 
the principles governing the division of costs. 


Section 20. Division of Costs— 


Each joint transaction involves an equitable division of 
costs for the best engineering solution of the specific problem 
involved between the utilities at interest. This implies that 
any utility constructing or reconstructing a pole line for its 
own benefit with existing line should be held liable for the 
structural value of the existing line. In practice this may 
be stated more simply for certain specific cases. 


Section 20.1. New Locations— 


In new locations, constructing party upon request, sets 
poles sufficient for the use of all utilities desiring facilities 
at that location. Each utility participates in accordance 
with the contract, purchasing interest at prices fixed in the 
agreement. 


Section 20.2. 
Poles— 


If existing pole is suitable for joint use but rearrange- 
ment of plant or equipment is necessary to make such joint 
use possible, then the party or parties desiring joint use, 
shall pay for the expense of such rearrangement. This should 
not include cost of minor changes such as service wires or 
clearance attachments which occupy the normal space of 
the incoming utility. 


Rearrangement of Equipment on Existing 


Section 20.3. Construction by Incoming Utility, One Pole 
Line Owned by One or More Utilities, or Replacement of 
Joint Pole Line For Benefit of One Joint Owner— 


Where an existing pole line individually or jointly owned 
is not suitable for the equipment of an incoming utility or 
for increased facilities of one of the existing joint owners, 
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the incoming utility or the joint owner increasing facilities, 
is obligated to replace existing poles with those suitable for 
all utilities requiring interest. Existing utilities may acquire 
interest in new poles on the basis of the structural value in 
the existing line. An arbitrary method for making such 
adjustments may be stated as follows: 


(a) They may acquire equity on the basis of their salvage in 
existing poles and receive transfer cost. This may be recommended 
when existing poles are depreciated not more than 25 per cent in 
accordance with the joint pole schedule of depreciation. 


(b) They may acquire equity by purchase at joint pole price and 
receive transfer cost and salvage existing property. This may be 
recommended where poles are depreciated more than 25 per cent 
but not more than 75 per cent in accordance with the joint pole 
schedule of depreciation. 


(c) It is common practice to disregard existing structural value 
when poles are depreciated more than 75 per cent, in accordance 
with joint pole schedule of depreciation, in which case the existing 
utilities should be expected to purchase interest and pay own trans- 
fer costs and salvage existing equity in property. 


All other incoming utilities may participate in joint use 


by sharing in the penalties attached thereto in a similar 
manner. 


Section 20.4. Construction by Incoming Utility Where Two or 
More Pole Lines Exist, or Reconstruction by Incoming Util- 
ity Where Two or More Pole Lines Exist— 


Where two or more pole lines exist and an incoming utility 
or one of the existing utilities desires new or increased facili- 
ties in the same location, said utility should set poles sufficient 
for the joint use of all utilities at this location. Each utility 
ynurchases interest from constructing utility and pays own 
transfer expense. Any other incoming utility may partici- 
pate in the same manner. 


Section 20.5. Vacation of Right-of-Way and Pole Location— 

When one utility surrenders and vacates its line location 
to an incoming utility, the following principles apply: The 
incoming utility purchases the plant and associated right-of- 
way of the vacating utility at its structural value. The 
vacating plant constructs its plant in a suitable non-con- 
flicting location at no expense to the incoming utility, except 
such additional expense as may be incurred in providing 
equivalent (but not increased) facilities, such as right-of- 
way or different type of construction necessitated by char- 
acter of the new route. The incoming utility may dispose 
ef plant purchased from vacating utility as it may elect, but 
if by agreement, part or all of this plant is resold to the 
vacating utility, the resale price should be equivalent to the 
net salvage value (gross salvage less cost of removal). 

The same principles may be applied to obtain crossing 
clearances except that the equipment which is not removed 
may be excluded from the purchase price for the incoming 
utility and the cost to the incoming utility shall include the 
following items: structural value of existing poles, less net 
salvage, plus difference in cost of new poles installed in excess 
of cost of replacing existing poles for equivalent facilities 
plus the cost of transfer. 


Section 21. Joint Planning. 


All uti:ities should plan plant changes as far in advance 
as practicable and should notify other utilities of contem- 
plated construction or reconstruction. They should co-operate 
to avoid conflicts to promote joint use or avoid use as the 
case may be, depending upon the conditions governing the 
conflict and the circuits involved. Each utility must deter- 
mine the character of its own circuits and structures to be 
placed and continued in joint use and determine the char- 
acter of the circuits and structures of others with which it 
will enter into and continue in joint use. In joint planning 
the principle of least cost for the most practical solution of 
the specific problem should apply. 
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Part II—SPECIFICATIONS FOR JOINT USE OF POLES FOR SUP- 
PLY, TRANSMISSION, TRANSPORTATION AND 
COMMUNICATION UTILITIES 


A general specification may be adopted for the joint use 
of poles. Possibly this is not desirable. To avoid practices 
which may be conflicting, it may be better to refer to State 
on other code used in the regulation of overhead construction, 


supplementing same with such features as are pertinent to’ 


local conditions. No attempt will be made herein to suggest 
a complete specification but a general classification of sub- 
jects which should be considered in connection with joint use 
are given herewith: 


Scope and application. 

Definitions, 

Relative levels. 

Grades of construction. 

. Vertical clearance. 

. Horizontal separations and clearances. 
. Vertical runs, 

. Communication cables or conductors on suspension strand. 
. Climbing space. 

. Fixtures and electric lamps. 

. Trolley span wires and brackets. 

. Pole steps. 

. Guys. 

. Guy insulators. 

. Line insulators, 

. Inductive co-ordination. 

- Loading. 

3. Strength requirements. 
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Lightning Arresters* 


The year’s activity of the subcommittee on lightning 
arresters centered around discussion and the gathering 
of information covering the extent of system troubles 
and damage to apparatus due to lightning. The practices 
of the various companies regarding the installation of 
lightning arresters was studied and the desirability of 
obtaining adequate protection at a lower cost than has 
been possible in the past was emphasized. 

The activities of the large manufacturing companies 
in regard to studies of lightning disturbances and devel- 
opment of new arresters is reviewed. 


as DETERMINE the necessity of lightning arresters on 

the systems of the various operating companies on the 
Pacific Coast, the subcommittee on this subject followed the 
plan of having the member companies submit a report on 
the service interruptions and damage to apparatus suffered 
as the result of lightning. Due to the geographical location 
of a number of the companies, their troubles due to lightning 
were so slight that there was very little damage to report. 
Other companies had a sufficient number of cases of trouble 
to justify the installation of arresters at their generating 
plants and substations. It appears desirable to use more 
arresters out on the distribution circuits, but it is question- 
able as to how much expense is justified in a territory which 
experiences only occasional lightning storms. 


The San Joaquin Light & Power Corporation, The South- 
ern Sierras Power Company, the Bureau of Power and 
Light of the City of Los Angeles, and the Southern Cali- 
fornia Edison Company each submitted a report on troubles 
due to lightning. This information is incorporated as part 
of this report. A map showing lightning hits on the sys- 
tem of the San Joaquin Light and Power Corporation is 





* Report of subcommittee on lightning arresters, electrical appa- 
Tratus committee, Engineering Section. E. R. Stauffacher, chairman. 
Cc. F, Benham, L, A. Buese, Fred Garrison, A. S. Glasgow, David 
Hall, J. M Keith, B, N. Merritt, C. E. Schnell, P. J, Vogel. 
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particularly interesting. Such a map shows clearly the 
portion of a system which experiences lightning distur- 
bances and is recommended to the member companies as 
a means of making a study of their own systems to de- 
termine when lightning protection is justified. 





Fig. 1. Flash of lightning. Photograph courtesy of Westinghouse 
Electric and Manufacturing Company. 


There is no question that the first consideration regarding 
protection of apparatus against transient high voltage dis- 
turbances is to design the apparatus with as high insulation 
as economically feasible. However, this practice has its 
very definite limits and it is generally agreed that the mod- 
ern lightning arrester is the best device so far developed 
to handle these high voltage disturbances. The cost of 
lightning arresters, however, particularly for the higher 
voltages (66 kv. and above) is such that it is sometimes 
questionable to what extent their installation is justified, 
even though they are quite desirable and adequate for pro- 
tection. In line with the general policy of using every 
effort to decrease the cost of installation and operation of 
all electrical equipment, the manufacturers have been urged 
to develop less expensive and at the same time reliable 
lightning arresters for the higher operating voltages. Pro- 
gress has been made along this line during the past two 
years, two of the manufacturers placing lightning arresters 
on the market rated at voltages up to 73 kv. which cost con- 
siderably less than previous standard designs, and from all 
reports have been giving reliable and satisfactory service. 
Two designs of this less expensive form of arrester are 
shown in this report. 


During the past few years there has been considerable ac- 
tivity in the study of lightning and considerable new infor- 
mation has been recently obtained. Equipment is now avail- 
able which was unknown a few years ago. With such val- 
uable tools as the Dufour oscillograph, the Klydonograph, 
and the Norinder oscillograph, the manufacturing and op- 
erating companies are working together so that soon we 
will have a definite knowledge of the nature of high voltage 
disturbances. As is always desirable, experimental facts are 
replacing theory and the industry will benefit accordingly. 

Short statements from the manufacturers covering the 
activities of two of the large manufacturers in studying 
lightning and high voltage disturbances are submitted as 
part of this report. 

The committee urges the operating companies to keep as 
detailed a record as practicable of lightning and high voltage 
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disturbances on their respective systems. Further it is hoped 








that the research activities of the manufacturing companies TABLE I]—Lightning Disturbances 1925-1928 
will result in less expensive arresters and more definite 
i Total Disturbances Per cent due 
knowledge as to how they may be applied to the greatest iat ED ae CR ey om lig a we 
advantage. i 
As cel adinbedinssseds 301 41 13.6 
| USE tapes Sasa : 62 38 14.5 
REPORTS OF POWER COMPANIES SENG chevenianidcdevseess ati 13 6.1 
: ‘ : . SUE dbs ae snk ci danse 149 24 16.1 
The various power companies submit the following reports EOE OSS. 
regarding their experiences and troubles due to lightning 
disturbances: 


TABLE I1I—Failure of Distribution Transformers Due to Lightning 
Extent of System Troubles and Damage—San Joaquin Light and 















































Power Corporation'\— January ist to October 3ist, 1928 
The subject of lightning disturbances was rather completely cov- 
cred in the report of R. V. Hall of this company last year, and , . > = Cus pee from 
o & - r Failures from ailures from Lightning per 
quoted in part in the committee report (page 350 Electrical West, Total Failures Lightning Lightning 100 installed 
May 15, 1928). Consequently the figures herewith submitted are 
for the year 1£28. January......... 20 3 0.0075 
It is interesting to note that there were two severe storms May oe weer = : Stent 
18 and 19, and December 10 and 12, and that some new territory Me ci cee 17 4 0.0097 
other than reported in the three previous years was subjected to May. ..+s-e+e+e- 48 28 0.0674 
lightnin Dcéncbed ends 43 13 0.0309 
& 6. TE eink ann 04 23 6 0.0142 
Damage was experienced in seven substation yards, two of which PO veccaaee 26 0 0 
, > . tic . , r September....... 14 0 0 
were equipped with electrolytic arresters on one line only. No a. 19 3 0.0022 
1 Prepared by C. E. Schnell. er 246 71 28.8 per cent 0.154 
Total transformers installed. ............ 46,000 
TABLE I—Report of Disturbances for 1928 , 
Ee BG Oe CN aio ih 5s eek cdc ecueds 71 
110 kv. 7Okv. 30 kv. Total Percentage loss due to lightning.......... 0.154 per cent 
No. of disturbances, all causes, 1928.... 2 5 22 Based on an average of 46,000 distribution transformers installed, the loss 
o. of disturbances, all causes, 192 ‘ . ses i - due to lightning is one transformer in 650 transformers. This is based on a ten 
No. of disturbances, due to lightning, 1928 2 19 3 24 month period. November and December figures are not available. 
TABLE IV—Summary of Lightning Disturbances on Transmission System—110-kv.—70-kv.—30-kv. From Jan. ist, 1928 to Dec. 31st, 1928. 
110-kv. Lines 
Duration of 
Line or Equip- Length of Service Type of Approximate 
Date ment Outage Interruption Location of Trouble Construction Extent of Damage Cost of Repairs 
May 18 fe Oise « Canvass acnne Sanger-Corcoran No. 2..... Gin Fk diccccces | | TET TCT Ter Pere ee ..++ Patrol $25.00 
May 19 Me canes Ry eee eee Corcoran-Semi Tropic No. 1 Wel abeséeaede Two overhead guys burned off. Six Patrol $25.00 
Vertical corner. strain units damaged............... Material and 





Labor $80.00 


Mar. 3 4 hr. 12 min. 1 min, 

















jediue ha awess Taft Substation... .cccssse GRU dadendwecs 2 disconnect switch insulators and 5 strains 
damaged in 70-kv. yard. Arresters on 1 line 
DP ONEIN s 5's v6 cscs cdevedeenddecuced $80.00 
Apr. 3 10 min...... Livingston, Los Banos Merced-Livingston Line.... Wood-Suspension Pe daaeedeeae hevecwacedvetsucedesents None 
& Ora Loma 10 min. 
May 18 8 OM Ci ccs EEE Se Corcoran-Alpaugh Line... . Wood-Suspension DE << caduxbeaneebvahib avedwase ndaecoces None 
May 18 2 ts ka es DOs sss view ens Corcoran-Alpaugh Line.... Wood-Suspension PG Khia wcedhdes cade a Neds anew badowes ee None 
May 18 , Saree I aes ates aa Corcoran-Alpaugh Line. ... Wood-Suspension Rt Sh De tee ed CU eo oo ei Pe aan d wie None 
May 18 5 hr. 38 min. Tulare Lake 14 min. Henrietta-Tulare Lake..... Wood-Pin....... 3 pin type insulators on 1 pole.............. $80.00 
Lakeside 2 hr. 13 min. 
May 18 43 min...... Corcoran 43 min. Corcoran Substation....... BE inca ckesues Burned off transformer lead................4. $10.00 
Alpaugh 2 min. 
[2 fa! eee | Re Sr iene Angiola Substation. ....... Mes ccaeeeees Damaged potential transformer. ........ ... $100.00 
May 19 6 hr. 49 min, Copper Mine 1 hr. 11 Copper Mine Substation... Webidcseavscudes 6 strains in bus and line switch. Arresters on 
min. Madera & A FE Cr i oho Sct wuscaeddedeces $400.00 
Dairyland 38 min. 
May 19 9 hr. 36 min. De wa. Uanedekna Copper Mine-Kearney Line Wood-Pin....... Brought 1 phase down into 11-kv. line. Burned 
3 phases enough to require replacement.... $100.00 
ae FT Oe eean Copper Mine 17 min.. Copper Mine-Tivy Valley Line Wood-Pin....... Burned 1 and split 4 poles................ . $80.00 
May 19 elivickckee Sess ob kere c ewan Alpaugh Substation........ WE, cna deukccue Lead to potential transformer burned off and 
70-kv transformer switch damaged......... $50.00 
May 19 POOR éccces po Pee ee Pee Coalinga No. 1-Coalinga No. Wood-Suspension Guy and string of insulators damaged and con- 
Ds wacdadiwene a acai ductor pitted naa aated ask meee wet $100.00 
May 19 ie tt ‘ Coalinga No. 1-San Miguel lsc isdesced é String insulators damaged, pitted conductor... $200.00 
Rs 2 4250006 vie ah a's 
May 19 ee WN cn hice Sale ok Coalinga No. 1-San Miguel Wood-Pin....... 5 pin type insulators required replacement at 4 
Be sadeuecedh uvheaene locations—arm burned.............. ..» $150.00 
May 20 ME bb eek Le 6 isdaccouune Coalinga No. 1-Coalinga No. Wood-Pin....... PE ke cae das decaeGbceRecukies shade 
DE neecavtwedede te she 
Dec. 10 1 hr. 50 min. S et PO Mi cccacnas Calwa Ice Substation. ..... BONG Viveceddads Indoor transformer bushing flashed over. 
Transformer replaced with spare. Test later 
showed O.K. No damage. . gana rT $25.00 
Dec. 10 6 hr. 32 min. POOR wc cvecndandeues Corcoran-Henrietta Line... Wood-Suspension 2 bottom phases burned in two about 2 ft. from 
insulators. Third phase nearly burned in 
two. One suspension unit damaged........ $80.00 
Dec. 12 SR OS chcave 2 BP Gi an tenccs Merced-San Joaquin Line... Wood-Suspension 1 phase in two, other damaged. Pole burned in 
two and replaced. Adjacent pole flashed but 
no damage is twee es one eaeveacks Gee 
30-kv. Lines 
May 16 11 hr. 22 min. Kittridge 39 min. Merced River—E:mory— Wood-Pin....... Insulator and arm damaged................ $150.00 
Briceburg 49 min... Incline Line. eaavuates 
May 19 SO a kee SiMe Gav cleacetore Sugarpine Lumber Co...... Wood-Pin....... Consumers oxide film arresters damaged—In- 
sulator flashover and shattered. . wane 
Dec. 12 Indefinite. ... RS. Ga a dane ndves Merced Falls Substation. ... ee 30-kv. winding 500-kva. transformer damaged 
CG GN chide ae xeekareune Gwibate bake $500.00 
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Fig. 2. System map, San Joaquin Light « Power Corporation, showing lightning hits. 
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arresters 
station. 


have 


been 


removed from 
One 70-kv. oxide film arrester was added by a customer 


service, however, 


at any sub- 


who went to the transmission rate this year, thus adding the only 


new arrester on the system. 
the arrester protecting his substation. 
flashover which 


ute, 


s 


hattered. 


One customer experienced damage to 
This was due to an insulator 


Service was interrupted about one min- 


but the other equipment was undamaged. 


No actual segregated costs have been kept on the various repairs 
necessitated 


due 


to lightning, 


except at Copper Mine 


Whether the arrester performed properly is subject to debate 


Substatio”. 


An attempt has been made to analyze the other as to patrol costs, 
labor and material repair costs. 


Due to loop or parallel lines, the service interruption is usually 
shorter than the time of outage of the line or equipment, due to 


time of making repairs. 


This is indicated in column 2 


Arresters for Altitudes Above 2,000 Ft.— 


and 3. 


Our company is no longer installing arresters except in special 
cases where the 


altitude 


distribution transformers, 


No Arrester Troubles— 


is in excess of two thousand feet 
lightning is known to be prevalent. 


and 


This refers to small types for 


There have been no troubles for the past year due to arresters. 


It may be 
responsible for keeping data 


of 


interest 


to know 


that 
on lightning disturbances. 


one 


of our dispatchers is 
Operators 


at 29 locations throughout the system have instructions to report 


any 


indications 


of lightning, 
which often do no damage to the system. 


thus giving us a story 


on 23 days in 1928, lightning was observed. 


Enclosed 


is 


also a 


formers due to lightning for the first ten months of 1928. 

Considering the depreciation reserve set up at the time of light- 
ning failure, the trade-in value of the junk transformers, the cost 
of replacement and other incidental costs, these transformers repre- 


sent a loss of approximately 


$6,500. This represents 


of storms 
These reports show that 


tabulation of failures of distribution trans- 


interest on 


only a fraction of the total cost to protect adequately all our dis- 
tribution transformers. - 





The map of transmission line hits submitted last year has been 
brought up to date and is included herewith. It is of 
to note that lightning has reached into new territory as 
making some repeat hits. 


interest 
well as 


Lightning Arresters—The Southern Sierras Power Company— 


It is this company’s practice to install arresters for all voltages 
and capacities of stations, not universally but in sections seriously 
affected by lightning. High voltage stations are approximately 75 
per cent protected at the present time. This includes the protection 
on 90-kv., 88-kv., 55-kv., and 33-kv. circuits. Various types of 
arresters are used with varying degrees of success. There have 
been practically no high voltage arrester failures and only a few 
low voltage arrester failures. The 15-kv., 4-kv., and 2,200-volt. dis- 
tribution substations are also generally protected by arresters on 
the various feeder circuits. It has been the company’s experience 
that lightning arresters are a sound investment in the territory 
that it serves. 


In one of the rural districts where the service is mainly for pump- 
ing and the lines are long, a large number of meters were lost 
annually due to lightning. The installation of small arresters has 
helped the situation some. 


Where hydro-electric plants feed local distribution circuits from 
the station bus, such circuits are protected by means of a protec- 
tive transformer bank in addition to arresters. This protective bank 
is normally a small one-to-one ratio transformer bank installed 
between the feeder and the station bus and has proven very effec- 
tive in keeping lightning disturbances out of the station in case 
of arrester failure. Most of the hydro-electric plants are in districts 
much affected by lightning and in the past considerable property 
damage has resulted from lightning causes due to lack of com- 
plete protection. 


Damage to apparatus and system troubles for the past year were 
considerably less than for previous years. The total interruptions 
to service for the year 1928 to date due to lightning causes are 
as follows: 


TABLE V—Disturbances Caused by Lightning—Los Angeles Bureau of Power and Light System— May 16, 1922—September, 1928 








Year 


1922 
1923 


1924 


1925 


1926 


1927 


June § 
Jan. 31 
Apr. 7 
Apr. 13 
Apr. 13 
Apr. 13 
May 2 
May 2 


May 2 
May 2 


May 2 


Apr. 10 
Apr. 12 


Aug. 28 
Dec. 10 
Dec. 10 
Dec. 10 


Oct. 13 
Jan. 20 


Jan. 20 


Jan. 20 
Apr. 4 
Apr. 4 
Apr. 4 
Apr.. 4 


ow 


ie 


ry 


il 
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we 
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~~ 


mun oo 
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9 


aw bo ho 





Direct Duration of Interruption 
or Total System Partial System 
Time Location Indirect Outage Outage Equipment Damaged 
Hit H M S$ H M 
48 p.m Ries 20, Se edness cescsens Indirect 0o—1-—oO #£No damage. 
50 p.m N. Hollywood, 33-kv. line. ...........0. Direct 0 —50 — 0 Burnt down 3 spans at Alessandro & Riverside Dr, 
Broke all insulators on P.T. switch No. 46. 
43 p.m. West 110-kv. line tower No. 189......... Direct 0 3 Gr . - weaweee Shattered 1 string of insulators. 
005 p.m. West 110-kv. line, tower No. 189........ Direct O—1—O  —eneueees 
09 p.m, 15-kv. line at Sheldon Ave...... ix@nds Eeece (iC Nkcctue 8 —21 — 0  # Transformer damaged at industrial station. 
:20 p.m. West and Central San Pedro, 33-kv. lines 
SN Gigs wlan wads cade Adexeeemes Beeeee: she ccade 14—42 — 0 Oil switch at D. S. No. 4 blown up and roof bush- 
ings broken. 
CES6 CS Ss Pei x bewse cc Kbee Waekescacasen Direct 0—9 —30 ss nanan Insulators broken at towers Nos. 234 and 237, 
42 a.m. Vernon lines relayed at L. A., No. 3 and 
Vernon, 15-kv. lines iiiwves ceviwane” Ge  ~ Bwaeewe o—i-—odoO Nothing damaged. 
04% a.m. San Fernando-Roscoe line, 33-kv. line.... Indirect  ....... o—2-—0 Nine D. E. insulators broken between P. T. 
switch Nos. 560 and 561. 
:16 p.m. San Fernando-Roscoe P. T. switch No. 
| St a va! SRO oS ewaws 0 —16 — 0 One switch and one string insulator broken at 
P. T. switch No. 540. 
:25 p.m. River Power-Lankershim, 33-kv. line.... en §« “daseane 0 —27 — 0 D. S. No. 35 out but no damage found. 
703 p.m. Ea ee Be Ad Sees MND ac ccectuccevecs en: °° Se bebe 0 —10 — 0 Roof bushing broken and B-phase transformer 
burnt out. 
23 p.m Irolo-Longwood, 33-kv. line............. en ~ <areaend o—s5—d0 Fiber bushing at D. S. No. 17-B burnt. 
45 p.m. Hollywood-TIrolo, 33-kv. line.......... Pn.  ~ wnewees 0o—7—O0 No. 19 O.S. at D.S. No. 6 damaged. Leads burnt off. 
:5614 p.m. Hollywood-Franklin, 33-kv. line......... BOER Cb ccowcs 5 —53 —30 O.S. bushings at Metropolitan Studios broken. 
15 p.m Hollywood-Franklin 33-kv. line.......... Imdirect  ....... o—s—O0 Oil switch bushings broken and hole burnt in tank 
at Franklin. Oil switch at Home Ice Company 
blew up. 
20 p.m, P.H. No. 3—San Fernando-Roscoe 33-kv. 
WO SS tedekdendGawse rience adeak 4 PEER: <.° Hewnecs 8 —50 — 0 Oil switch bushings damaged at Boulevard Rock 
and Gravel Plant. 
17 p.m. P.T. switch No. 534—San Fernando-Van 
Nuys, 33-kv. line............ 5 i ee 0o—i—o Insulators at P.T. switch No. 534 broken. 
:52 p.m. D.S. No. 27-A—San Fernando-Van Nuys 
relayed 33-kv. line........... aril ee Pe 0o—s5—0 No damage. 
13 a.m. Near P.H. No. 3 on 4,400-volt feeder ee ) wacevte 0 —13 — 0 4,400-volt equipment in P.H. No. 3. 
20 p.m. E. and W. Wilmington 33-kv. lines. ..... eeen” —- Scaonen 0 — 0 —20 |) 
21 p.m. E. and W. Wilmington 33-kv. lines. POGUE we etwas 0 — 0 —20 }No damage. 
21% p.m. E. and W. Wilmington 33-kv. lines....... ee. wdiguume 0 — 0 —20 
04p.m. San Fernando-Roscoe line.............. Pe” « Seewee 0—4—O0 #£4No damage. 
-45 a.m, Bes Wie BE Ws con Cues es wddececucasee’s 3. ae eee o—i-—odo Two transformers bushings broken. Regulator 
leads burnt off and motor damaged. 
:07 a.m, R.S.C. system Wilmington-Menlo East 
i Wee is 6 <6 eb sic cc ceubeue buts us BES °c Rena ake o—i-—-—0do0 Two dead end insulators broken on Wilmington- 
Menlo West line. Three 33-kv. wall bushings 
broken at D.S. No. 14. 
24 a.m. Alameda West and Slauson-Hyde Parkline Indirect  ....... 0 — 0 —30 No damage. 
:06 a.m. rr ee eee ee re Re 1? Waances 0 — 0 —30 Roof bushing. Six O.S. bushings. 
:11 a.m, Franklin power plant............. Direct 0o—7—d0 Power plant put out of service. 
:18 a.m, River power—Lankershim.............. NS ee eee 0o—2—o0 Oil switch bushing broken at Hollywood Ice Co, 
:30a.m. Van Nuys-Roscoe line..............000: SES eb acen 0—1-—O0 Oil switch bushing broken at Crystal Springs. 
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OO te: Rin stent mskicc eo indinice 18% min. 
88-kv. lines........ acnishinsintghenn dhscatainsdiiasiaistiidinpniianaslaiiaaors 33 min, 
BRB RIN vi cic necccirccn ns erases teectienrnaetibipnammventa 5 hr. 28 min. 
BO ie: CII ig crncnitrcecicateciicintinciniatannenines S hr. § min. 





The 90-kv. and 88-kv. lines are the company’s main supply lines 
from the hydro-electric plants in the north to the southern district. 
The 55-kv. lines are mostly in Nevada and are not as well pro- 
tected with lightning arresters as the higher voltage lines, 

The damage loss in transmission and distribution equipment for 
the same period has been confined entirely to secondary distribution 
transformers to the amount of approximately $1,000. Property 





Fig. 3. 73-kv. pellet oxide film, San Fernando substation, Southern 
California Edison Company. 


damage due to lightning in the year 1927 was approximately seven 
times as great. 

Lightning arresters have caused some trouble and interruptions 
but none of serious consequences. The interruptions were caused 
because the arrester failed to prevent the interruption. 


Lightning Disturbances—Los Angeles Bureau of Power and Light 
The disturbances shown in Table V are reported from the lines 

of the Los Angeles Bureau of Power and Light. 

Iightning Disurbances—Southern California Edison Company— 


A total of 753 cases of trouble on the lines of the Southern 
California Edison Company between the years 1924 and 1928 
are reported as due to lightning, and probably an appreciable per- 


centage of the 3319 cases of trouble where the cause was unknown 


were also due to lightning. Table VI covers this period. 


REPORTS OF MANUFACTURERS 
Westinghouse Field Experiments’*— 


To obtain first hand experimental information in the field 
the Westinghouse Electric & Manufacturing Company has 





* Prepared for the subcommittee on lightning arresters by the West- 
inghouse Company. 
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set up portable recording oscillograph equipment at locations 
in Tennessee and New Jersey. During the summer of 1928 
it was successful in obtaining a record of a direct stroke, 
and since that time quite a number of additional records 
have been obtained. 

As a result of these tests the information concerning 
lightning and high voltage surges is expanding, and in a 
few years there is no doubt that much more will be known 
regarding methods of handling such surges. 

The attached photographs show the experimental equip- 
ment set up along a transmission line in Tennessee. 


General Electric Surge Voltage Tests on Transmission 


Lines*— 


The first important step in the study of lightning was the 
perfection of the lightning generator. This device had been 





3 Prepared for the subcommittee on lightning arresters by the Gen- 
eral Electric Company. 





Fig. 4. Westinghouse high voltage auto valve line type arresters. 


TABLE VI—Lightning Disturbances 


Southern California Edison Company 


Voltage of Circuit-kv. 





; P Total 
Year 220 150 66 33 16 il Unknown Lightning 
"a an. Wane 9 ss. 2 ee a 
De h.é¢o< rr oes 29 6 6 90 686 131 
Pe nacbdw< ‘art abe 49 18 48 246 771 361 
Uae ese ee 12 a 6 47 585 65 
ee 6 wee 20 — 10 97 447 133 

6 0 109 29 95 494 3,319 753 


Total of 753 cases of trouble due to lightning. 


Of the unknown cases (3,319) no doubt an appreciable percentage of which 7 
were due to lightning. aa ' 
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Fig.5. Record of Norinder oscillograph, direct stroke on transmission line. Negative surge amounts to 52 times normal. 
Surge apparently lasts from 10 to 20 micro-seconds. 





Fig 6. Shack at tower No. 70, location of Norinder oscillograph. 


Fig. 7. Chilhower Mountains from tower No. 65 with shack at 
tower No. 70 in distance. 





Fig.8. Coupling equipment for Norinder oscillograph. 
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Fig.9. Norinder oscillograph in place. 


used for a good many years but a design capable of giving 
high voltage and a large amount of power was perfected 
under Dr. Steinmetz’s direction and opened the way for the 
first thorough and careful study of the effect of lightning 
arresters and other apparatus. Voltages as high as 
8,600,000 have been used in tests by this piece of apparatus. 
The lightning generator, however, has two serious limita- 
tions—only the maximum voltage across the apparatus can 
be determined, and no information is given whatever in 
regard to the important element of time. 


The technique of applying the cathode-ray oscillograph to 
the study of short-time transients was then perfected with 
the result that this instrument, in conjunction with the 
lightning generator, widely extended our knowledge in regard 
to the effect of artificial lightning disturbances on apparatus. 
With this instrument the three important characteristics of 





Fig. 10. Norinder oscillograph. 
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Fig. 11. 220-kv. applied at Pittsfield traveled to the open 
end of the line about six miles away, was reflected, and 
the reflected wave is shown on the same photograph. 
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Fig. 12. Equipment for cathode-ray oscillographic study 

of surges on transmission line from Turners Falls to 

Pittsfield, Mass. Portable impulse generator for applying 
surge voltage to transmission lines. 
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a transient current, time, and voltage, could be shown with 
extreme accuracy. 


The next important step in the search for knowledge about 
lightning was the study of voltages on transmission lines by 
means of surge voltage recorders. This further advanced 
our knowledge in that it told something about the magnitude 
and character of surges on transmission lines. 


Last summer an actual photograph was taken by means 
of the cathode-ray oscillograph of a lightning surge, meas- 
uring about 2,500,000 volts, on the lines of the Pennsylvania 
Power & Light Company. 


While these experiments were being conducted, the Pitts- 
field engineers realized that actual photographs of lightning 
were interesting and valuable but that a study of the effects 
of the actual lightning disturbances was too uncertain and 
would require too long a time in order rapidly to advance the 
study of lightning. They also knew that the transmission 
line itself would have an effect on the surge and as the 





Fig. 13. Equipment for cathode-ray oscillographic study of surges 
on transmission lines, second view. 





Fig. 14. Cathode-ray oscillograph and auxiliaries in Pittsfield 
Electric Company's substation. 
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characteristics of the original lightning surge would not 
be known there was needed some means of studying the 
effects of a known surge on apparatus connected to an 
actual transmission line. Permission was therefore secured 
trom the Turners Falls Power Company to put artificial 
lightning disturbances on the transmission line (66-kv. line 
insulated for 110 kv.) running into Pittsfield, and a portable 
lightning generator was built so that this could readily be 
done. This lightning generator could be cut into the line at 
various points where disconnecting switches had been in- 
stalled by the power company and a second lightning gen- 
erator was installed at the substation in Pittsfield, where 
also was located a cathode-ray oscillograph and sphere gaps 
for recording and otherwise measuring the surges that were 
produced. The actual work was started late in the summer 
and has been continued practically every Sunday since, the 
line being killed by the power company so that the tests 
could be made. 

Most of the tests so far have been performed at voltages 
up to 400,000 and these have been applied either at the sub- 
station end or from the portable lightning generator at a 
point approximately 6% miles from Pittsfield. The surge 
can be put on the line at either end and the original surge 
with its reflections measured at the Pittsfield end. 

Interesting data have been obtained on reflection, the effect 
of attenuation, and the operation of lightning arresters 
installed at Pittsfield. This work will be continued and 
extended to include various types of high voltage apparatus. 
Fig. 11 shows one kind of a record that can be obtained from 
these tests. In this case a voltage of 200,000 was applied 
at Pittsfield, traveled to the open end of the line about six 
miles away, was reflected, and the reflected wave is shown 
on the same picture as the original wave. The effect of 
attenuation is also indicated on this print. The second hump 
in the reflected wave is probably due to the effect of the 
condensers of the lightning generator at the far end of the 
line. A similar photograph has been taken where the gap 
sparks over at the far end of the line and the reflected 
voltage is exactly as shown on this print, excepting that 
it is below the line, that is, negative. 

Complete account of these interesting tests was given 
by K. B. McEachron of the General Electric Company at 
the A.I.E.E. meeting in Cincinnati in March. 


National Electrical Safety Code* 


The function of this committee is to study the code 
and to point out wherein amendment or clarification 
should be considered. The committee has no unanimous 
recommendations to make at this time, but it is hoped 
that the results of the study will promote a further dis- 
cussion, particularly with reference to grades of con- 
struction and loadings. Particular attention should be 
given to an analysis of failures or accidents of any 
nature which may be directly chargeable to inherent 
defects in construction standards. This study has been 
confined to that portion of part two of the code, dealing 
with overhead construction rules for supply and com- 
munication lines. That dealing with rules for under- 
ground construction and the so-called operating code, 
part four, will form the background for future code 
studies. 





* Progress report of subcommittee on national electrical code, over- 
head systems committee, Engineering Section. J. E. Macdonald, 
chairman. K. B. Ayres, H. L. Caldwell, D. I. Cone, L. J. Corbett, 
R. R. Cowles, Geo. H. Hagar, R, E. Hill, J. B. Madden, C. T. Mess, 
H. H. Minor, E. R. Northmore, G. E. Nott, E. Y. Porter, W. E. 
Row, T. W. Snell, W. R. Van Bokkelen. 
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In dealing with code practices, the committee has been The committee is indebted to C. T. Mess of the Railroad 
confronted by comparisons with General Order 64-A of Commission for certain valuable tables which make the two 
the Railroad Commission of the State of California, codes comparable. In General Order 64-A there are four 
which is largely responsible for the high standards of &t@des of construction specified, which correspond to four 
construction in this state. Some committee members ‘ifterent degrees of hazard recognized with corresponding 

; : pai gradation in the minimum construction standards. These 
are opposed to the national code in principle, others 


grades are designated A, B, C, and F, grade A being the 
highest and grade F the lowest, which applies to communi- 
cation and signal circuits under normal conditions. The 


things being equal. They consider state supervision and 
state standards preferable to national standards for the 


development of the art. It is contended that the national ame fundamental theory has been applied in the formulation 
code is more of a specification rather than a statement of grades in the National Electric Safety Code. Grades 


of principles, supported by adequate mechanical data. A, B, C and N correspond in a general way to A, B, C and 


F of General Order 64-A. In the national code two addi- 


tional grades are added, namely D and E, which apply to 
HE theory upon which grades of construction are based communication lines under special conditions. An economic 


assumes that overhead lines are located in zones of rela- study should be made of grades D and E to determine their 
tive hazards, increasing with the voltage of the line and value as code principles. For supply lines the voltage de- 
other circuits or structures involved. A change in grade of termines the class of circuits in both cases, and each class 
construction is required to meet increased hazards, the has its corresponding grade of construction under normal 
method being to increase the mechanical strength. In order conditions. The national code makes a distinction between 
to obtain a correct perspective this should be stated in terms a conductor conflict and structure conflict, resulting in a 


of safety factor. different grade of construction, whereas General Order 64-A 


GRADES OF CONSTRUCTION 


TABLE 1—Summary Comparison Sheet of Grades of Construction 








Other Facilities Involved at Lower Level 


Line Conductors in Urban Territory 
Circuit 


At Upper Level 0-750 750-5000 5000-7500 Over 7500 Major Comm. Minor Comm. Major R.R. Minor R.O. 








G.O. G.O. G.O. G.O. G.O. G.O. G.O. G.O. 
Code 64A Code 64A Code 64A Code 64A Code 64A Code 64A Code 64A Code 64-A 
Supply Conductors, 


Open wire, 0- 750 volts C 











N i os Cc Cc B Cc N Cc N eC A A B B 
Open wire, 750-5000 volts C cs Cc Cc C S B c . t & Cc A A B B 
Open wire, 5000-7500 volts C B C B Cc B B B B A < B A A B B 
Open wire, exceeding 7500 volts B B B B B B B B A A B B A A B B 
(1) Cables, 0- 750 volts N cs Cc Cc ; be B . N S N cs A i B c 
Cables 750-5000 volts N c . eo c G B G Cc . Cc c A Cc B © 
Cables 5000-7500 volts N c cs c cS Cc B Cc . a e A Cc B & 
Cables, exceeding 7500 volts Cc Cc Cc G be Cc ; ¥ Cc sb Cc A GS B G 
Communication Conductors, 
Open wire or cables—Major......... N F c Cc B A A A N F N F D B D B 
Open wire or cables—Minor......... N F Cc cS C(2) B B B N F N F E F E F 
Note.—(1) Properly bonded and grounded. 
(2) Same size as required for supply conductors. 
TABLE 2—Summary Comparison Sheet of Elements of Line 
(Values in terms of Safety Factors unless otherwise noted) 
aici (1) Poles (5000-Ib.) Cross Arms (2) Pins and Fastenings Tie Wires Guy Wires 
rade of $= 
Stresses Construction Code G.0.64-A Code G.0.64-A Code G.0.64A Code G.0.64A Code G.0.64A 
Longitudinal—balanced ................ A-B 700 Ib. 700 Ib. 700 Ib. 700 lb. 700 1b.(4) 700 1b.(5) 700 Ib.(4) 500 Ib.(4) 1.0 2.0 
Longitudinal—balanced................ cS 700 lb. 700 Ib. 700 Ib. 700 lb. 7001b.(4) 700 Ib.(5) 700 1b.(4) 500 lb.(4) ih 2.0 
Longitudinal—balanced................ D 2.0(6) oes Note 7 pee Size aed save ee Note 8 
Longitudinal—balanced................ E 1.3(6) Note 7 ao Size aa as Note 8 a as 
Longitudinal—balanced................ F(13) ate 1 .0(8) Kae Note 9 ‘e 1.0 500 Ib.(4)  ... Note 8 
Longitudinal—balanced......... uke tie N(13) Gen'l. a Gen'l. fae oni a saa ae Gen'l. re 
Longitudinal—end supports at crossings. . - 1.0(10) 1.0(10) 1.0(10) 1.0(10) 1.0 1.0 1.0 500 Ib.(4) 1.0 2.0(10) 
Longitudinal—end supports at crossings. . Cc 700 Ib. 700 lb. 700 lb. 700 lb. 700 Ib.(4) 700 Ib.(5) 700 1b.(4) 500 Ib.(4) ia see 
Longitudinal—section of change of grade. A-B 1.0 1.0 1.0(11) 1.0(11) 1.0 1.0 700 Ib.(4) 500 Ib.(4) es oe 
Longitudinal—section of change of grade. Re 700 Ib. 1.0 700 lb 1.0(11) 700 Ib 1.0 700 Ib.(4) 500 Ib.(4) avn ‘ak 
Longitudinal—dead ends and angles..... A 3.0 4.0 1.0(11) 2.0(11) es 2.0 ‘ea Sua 2.0 2.0 
Longitudinal—dead ends and angles..... B 2.0 3.0 1.0(11) 2.0(11) 2.0 2.0 2.0 
Longitudinal—dead ends and angles..... _ 1.3 2.0 None 2.0(11) 2.0 1.3 2.0 
Ae re nae scan A 3.0(12) 4.0(12) Sa wa 2.0 2.0 2.0 
Transverse..... ae Pec as eset B 2.0(12) 3.0(12) 2.0 2.0 2.0 
PES o'cccubaesaesn Cha wsanee Saree oy 1.3(12) 2.0(12) 2.0 1.3 2.0 
EIR: co cuasebaes <avamenne sae aol D 4.0(6) ae eo 2.0 mace 
Transverse. . io see anehem ee die Wet E 2.6(6) Jak ee re 1.3 " 
Transverse. Paen cS S a ee een a wie F(13) ae 1.0 ia 1.0 1.0 ea 1.25 
NUE. <n bc cadhe x cdhon sa eabebieees N(13) Gen’'l. ee Gen'l. te Gen'l, — 
Re eee oe ers A-B-C Note 14 Note 15 2.0(16) 2.0(15) “tt 
WEREO sss c0000 ave binme ke ein aun D-E Note 14 a inss Note 17 cok 
NE Cs cick oalce sini cutie ac ck aeten F(13) —- Note 15 ses 1.0(15) kat 
Vertical. .... ia SA ee eee SG eas N(13) Gen’'l. ix Note 16 see Gen'l. 
(1) Minimum top diameter of poles for grades A-B-C- are same in both codes. (9) Minimum cross sections. 
Minimum top diameter of poles for grades D & E of N. E. Code greater than (10) Unbalanced tension equal to one-third total number of conductors. 
grade F of G.O, 64-A. (11) For conductor tensions of 2,000 pounds maximum, double cross arms meet 
(2) A slight variation in cross sections, depending on number of conductors sup- strength requirements. 
ported. (12) Heavy loading areas assume two-thirds total number conductors with 107as 
(3) Minimum size of strand specified. minimum. 


(4) As a maximum, (13) Other than crossings, conflicts and joint use. 

(5) As a minimum. (14) Total dead weight loading plus 225 pounds. 

(6) For poles not carrying more than 2 wires, max. span 125 feet, min. top di- (15) Total dead weight loading plus 200 pounds. 
ameters specified. (16) 225 pounds in addition to weight of conductors. 


(7) Minimum cross section—Double cross arms on crossing poles with limit of (17) Minimum cross section—Double arms on crossing poles, conductors limited 
10 conductors. to 10. 


(8) Special table for various conditions. 
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TABLE 3—Summary Comparison Sheet of Line Conductors and Messengers 














Loading Grade of 150 ft. Span 300 ft. Span Safety Factor 
District Construction aeenes 
Code G.O. 64-A Code G.O. 64-A Code G.O. 64-A 
Heavy A 6 6 4 4(1) 2.0 2.0 
Heavy B 6 6 4 4(1) 2.0 2.0 
Heavy Cc s 6 4 4(1) 1.6 2.0 
Heavy D 9 <a 9(2) a 1.0 vs 
Heavy E 10 ae 10(2) “4 1.0 - 
Heavy - “7 12(3) és 12(3) nee 1.0 
Heavy N(4) 8 es 8 - None ee 
Light A 6 6 4 6 2.0 2.0 
Light B & 6 4 6 2.0 2.0 
Light = 8 8 4 6 1.6 2.0 
Light D 9 we 9(2) ia 1.0 é 
Light E 10 iS 10(2) os 1.0 “e 
Light F ore 12(3) es 12(2-3) . 1.0 
Light N(4) 8 ai s aa None os 
Paired conductors. ...........0.0::. ; etarinanse’ All A-B Note (5) Note (5) Note (5) Note (5) és 
Paired conductors....... en se haa ee a All . 14(6) Note (5) 14(6) Note (5) a 
(at crossings)........ sii at car cited a onane dana ical Ws All D-E 14(6) as 14(6) ac Ke 
(at crossings)..... ‘ Cake van ak maul ke tb lle All F nh 14(7) og 14(7) ‘ 
(at crossings)....... 3 inthe oa tare ute sales All N(4) None ‘i None ail : ** 
Messengers (10)............. watee oie Pees All A-B 2.0(8) Note (9) 2.0(8) Note (9) 2.0 1.9(11) 
(steel strand)......... ae ee Seed All Cc 1.6(8) Note (9) 1.6(8) Note (9) 1.6 1.9(11) 
eres erator tree <eues¥s All D 2.0(8) ‘ 2.0(8) = 2.0 .- 
IE iia osc es boas taoel eae ane All F ; Note (9) - Note (9) a 1.9(11) 


Note.—A.W.G. hard drawn copper conductors. 


(1) Preferably stranded. 

(2) Increased sag or larger size conductor. 

(3) For crossing railroads No. 10 as a minimum. 

(4) Apply to supply lines—No requirements for communication conductors. 

(5) Not supported by messengers—For grades A and B crossing supply conductors 
same size as line conductors of similar grade is required. 

(6) Limited span lengths without messenger. 


implies that existing hazards apply to all parts of line 
where possibility of contact exists from overturning of 
same. The national code assumes that hazard for circuit 
is not so great in rural as in urban districts and correspond- 
ing reductions of grade for rural districts are effective. 
Table 1 shows a comparison sheet of grades of construction; 
Table 2 the elements of line in terms of safety factors, unless 
otherwise noted; Table 3 is a comparison sheet of line con- 
ductors and messengers. 

By referring to these tables it will be noted that the two 
codes are in close agreement. The following differences, 
however, should be noted: 

The grades of construction required for supply conductors 
in cables (properly bonded and grounded) crossing major 
and minor railroads are higher in the National Electrical 
Code than those in General Order 64-A. 

A higher grade of construction is required for open wire 
supply circuits of 5,000-7,500 volts crossing over wire supply 
circuits of 0-7,500 volts and communication circuits in Gen- 
eral Order 64-A than in the National Electrical Code. 

A higher grade of construction is required in General 
Order 64-A for communication conductors crossing over open 
wire supply conductors of 5,000-7,500 volts than that required 
in the National Electrical Code. 

In the National Electrical Code a higher grade of construc- 
tion is required for supply conductors (in cables) of 0-7,500 
volts crossing open wire supply conductors in excess of 7,509 
volts to that required in General Order 64-A. 

In the National Electrical Code a higher grade of con- 
struction is required for supply conductors (in cables) of 
0-7,500 volts crossing open wire supply conductors in excess 
of 7,500 volts than where conductors (in cables) in excess of 
7,500 volts cross open wire conductors of the higher voltage. 
It appears rather inconsistent for the higher voltage classi- 
fication to take the lower grade of construction. 


For grades A, B and C the safety factors on structures and 
crossarms, required in General Order 64-A for longitudinal 
(dead ends and angles) and transverse stresses are greater 
than those of the National Electrical Code. 


For vertical loadings on structures in National Electrical 
Code, the total dead weight loading plus 225 lb. is assumed, 
while in General Order 64-A only an additional weight of 
200 Ib. is included. 
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(7) Messenger construction required. 
(8) These values are in terms of safety factors. : 
(9) Values for ultimate and safe working tension set forth in tabular form. 
(10) The breaking strength set forth in code is approximately 12% less than that 
of G.O. 64-A. 
(11) Average for conductor cables weighing between 2.25 pounds to 8 pounds 
per foot. 


For vertical loadings on crossarms the weight of con- 
ductors plus 225 lb. is assumed in National Electrical Code, 
while in General Order 64-A the total weight of conductors, 
pins, insulators, hardware, plus 200 lb. is included. ; 

In grade C for heavy loading districts and in grade B 
for light loading districts, the spans being not greater than 
150 ft., a No. 6 A.W.G. hard drawn copper conductor as a 
minimum is required in General Order 64-A, while a No. 8 
is the minimum size set forth in the National Electrical Code. 

In light loading districts for grade A, B and C in spans 
of 300 ft., a No. 4 A.W.G. hard drawn copper conductor as a 
minimum is required in the National Electrical Code while 
2a No. 6 is the minimum size set forth in General Order 
No. 64-A. 

In the National Electrical Code double crossarms with des- 
ignated minimum cross section are required on crossing poles 
in D and E grades of construction with a limitation of 10 
conductors. In General Order 64-A no limitation is piaced on 
the number of conductors provided the safety factors are met. 


LOADINGS 


Table 4 shows comparison of loadings of National Elec- 
trical Safety Code and General Order 64-A. 

The classification of loadings in the National Electrical 
Safety Code and General Order 64-A have both been de- 
termined from data supplied by the United States Weather 
Bureau. In both cases arbitrary decisions were made in the 
selection of the allowable wind pressure for va.ious load- 


TABLE I[V—Loading Definitions 


N.E.S.C. G.O. 64-A 
Ice Wind Temperature Ice Wind lemperature 
se caea oa Min. 8 lbs. 0’F. gin. 6 lbs. O°F. 
Medium....... Yin. 8 Ibs. 15°F. No. medium loading 
] ) < 


2 a ee v 12 Ibs. 30°F. 0 los 25°F, 


ings. This requires further study to determine if the dif- 
ferences between the two codes may not be co-o.dinated by 
a compromise which will be satisfactory to all parties. It 
should be noted that in the third edition of the national code, 
the ratio of loadings to those of the California code was in 
some cases 3 to 1. In the fourth edition this has been re- 
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duced to about 1% to 1. The difference in the larger size 
conductors is not so great because both loadings are ap- 
proaching the dead weight of the condutcor. National code 
loadings make for greater sags than are necessary for Cali- 
fornia conditions. The greater sags offer an additional 














TABLE V—Relative Loadings for Sag Determination—Light Loading 
Conductor Resultant Per 100 
Conductor Diameter Weight Loading Feet 
Size Inches Per 100 Pounds 
Feet N.E.S.C. G.O. 64A 
4/0* 522 65.3 83.4 74.0 
3/0* 464 51.8 69.3 60.3 
2/0* 414 41.1 58.2 49.5 
SG le vnkak wale botbe cles caale 325 32.0 45.6 38.6 
8, ee ae ee 289 25.3 38.4 31.8 
DOR anh ab ccuabskewan ve 258 20.1 32.7 26.5 
=o ERA er eee .204 12.6 24.0 18.5 
SS cant aeawr as eeu anew h .162 7.9 18.0 13.4 
5.0 3.7 .f 


PR ck psm sunsets aseaks .128 


*Strande d bare. 
**Solid bare. 


safety factor for conductor and conductor fastenings, but 
in many cases are the cause of short circuits unless con- 
ductor spacings are increased. 

Table 5 shows existing loadings for sag determination in 


light loading districts in accordance with physical data of 
Table 4. 


CONCLUSIONS 

In order to accomplish effectively the purpose of this study, 
an increased effort will be necessaary to interest the Cali- 
fornia utilities in the national code. There is little doubt 
that the principles of General Order 64-A and the National 
Electrical Safety Code are approaching coincidence. The 
complexity of detail involved in the grades of construction 
in the national code requires an intimate analysis and an 
economic study, which this committee has not been prepared 
to undertake. The result is that the power utilities have 
been rather inclined to recommend a reversion to principles 
only in whatever code revision is undertaken. 


Operating Records on Overhead 
Lines* 


When the suggestion was made that a subcommittee 
might with profit make a study of the operating condi- 
tions of overhead lines, it was with the thought in mind 
that such a study would be of material assistance to the 
member companies in determining the cause of circuit 
interruptions. If accurate records are kept of the causes 
of circuit interruptions and these records analyzed, it 
is possible to correct the conditions in a great majority 
of cases so that service can be rendered more economic- 
ally from the company’s standpoint and with less incon- 
venience to the conswmer. Studying this subject, it has 
been found that there is a lack of accurate interruption 
reports, although some of the operating companies are 
following this matter very closely and have shown some 
very gratifying results from an operating standpoint as 
compared with the records of past years. 


HE classification and tabulations included in this report 
bring out a number of very interesting and important 
facts which will emphasize the value of keeping records on 
line interruptions. We have not endeavored to analyze all dis- 


* Report of subcommittee on operating methods, overhead systems 
conmimitee, Engineering Section. R. G, ah ee; chairman. K. B. 
ayres, F. D. Beardsley, C. S. King, G. A. MacDonald, D. D. 
Smalley, H. W. Tice, J. O. Tobey, H. B. Wells, G. M. Wills. 
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tribution and transmission lines, but have selected a number 
and are reporting on these lines over a period from 1923 to 
1928, inclusive, in order to get a representative number of 
cases of trouble and determine the trend of troubles and in- 
terruptions. We have analyzed a total of 12,780 cases of 
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Fig.2. Trend of cases of trouble per 100 circuit miles of line. 





Fig.3. Trend of unknown cases of trouble. 


trouble, of which 77 per cent fall in the distribution classi- 
fications, and 23 per cent in the transmission classifications, 
the dividing line being taken at 20,000 volts. Of the 12,780 
cases investigated, 3,050 could not be charged against distri- 
bution or transmission lines. This would leave 9,730 cases, 
8,200 of this number being distribution trouble and 1,520 
cases transmission trouble. 

The circuits considered in this study have increased from 
6,155 circuit miles in 19238 to 8,280 circuit miles in 1928, or 
an increase of 35 per cent. This is shown graphically by 
curves in Fig. 1. The total overhead interruptions per circuit 
mile of line have shown a consistent decrease from 28 cases 
per 100 circuit miles in 1923 to 16 cases per circuit mile in 
1928, with the exception of the year 1926 when the cases 
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Fig. 6. Short on I1-kv. line, agricultural load. 
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Fig 7. Short on 16-kv. line, industrial load. 
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per 100 circuit miles equalled that of 1923. In studying 
the records for 1926, we find that this was due to an excep- 
tionally large number of interruptions caused by heavy wind 
and lightning storms. The curve in Fig. 2 shows the trend 
of trouble per 100 circuit miles of line. The number of cases 
of trouble per 100 circuit miles of transmission line have been 
reduced from 24 in 1923 to 6 in 1928. 

Under the classification of trouble, we find that the un- 
known causes have decreased from 37.6 per cent of the total 
in 1923 to 27.8 per cent in 1928, which gives an average 
for six years of 32.5 per cent. Curves in Fig. 3 show the 
trend of the total unknown causes of trouble. In 1923, 10 
per cent were on the transmission lines and 90 per cent on 
the distribution lines; in 1928, 2 per cent were on the trans- 
mission lines and 98 per cent on distribution lines. The un- 
known causes of trouble on the transmission lines decreased 
from 10 per cent of the total in 1923 to 2 per cent in 1928, 
whereas the unknown causes of trouble on the distributior 
system increased from 90 per cent of the total in 1923 to 98 
per cent of the total in 1928. 

It is rather surprising what a large number of unusual 
and unexpected occurrences will cause interruptions on dis- 
tribution and transmission lines. Obviously, if we do not 
know the cause of the interruption, it is very difficult to 
guard against its reoccurrence and it may be of interest to 
list the cause of interruptions for one year, showing the per 
cent of the total due to each cause. Following is a list pre- 
pared from information submitted to the subcommittee. This 
covers the period from Jan. 1, 1929, to Dec. 31, 1929, and 
includes 11,000-volt lines and above. 


CAUSES OF INTERRUPTION 
Causes 























Per Cent 
1. Trouble on foreign companies’ lines. ...................................-. 12.11 
2. Unknown .......... chadchtradcipticasceantessanlkaiaicalibinciinen chavs edoeaipobensigedieonnaabeael aOR 
3. Birds shorted lines.. ic teaabcissiadss sheaeidenanecebtllpieteaambagiibesstinabvhinaessirtdobicaiabaonaipiias 5.73 
ae Ns Leaitniccaal debicincdad aii donaibdahmnniiantillinissenepiacadonetaniahnescdinienns, “aan 
Br eI NE CII iain nceciedilapeeebicdininedatincinknnashehineaccnccsenbuiptininceaipeescus Sean 
6. Insulator failure ........... el a ae a at eee 2.79 
7. Consumers’ transformer failed... iain Gola sclilaninesiiagslisiadaen 4.44 
8. Sleet and snow.. ad aie 0.28 
9. Skyline sagged into conductor... ee ae 
10. Kite in MR oe Dae a ere saben: ake 
11. Splice failure................. 0.78 
12. Accidental tripouts 2.43 
13. Poles blown over.. ssiliainiihnininedehiebbidabadebensntdndiaasataiinkien. aan 
14. Consumers’ epearatus failure... 0.43 
15. Wire slipped in dead end shoe...... ssdedeednshcamantalicenionagsicn<\ Ome 
16. Oil well fire... NS EP Mm 
17. Guy wires shorted line.. i cishdetscentalidicncheseseca tninininbdedetictniceasmamainedadaiinaintiansa 0.07 
18. Insufficient clearance consumer’s transformer position...... 0.07 
19. Air hammer jarred switch out..........................................- 0.07 
20. Derrick in the line—booms, etc. ...................22.22.-.2..--e-nnnneenesee 1.07 
21. Turkey flew into line 0.14 
22. Mistakes in switching 1.43 
23. Station oil switch bushing failure... chieianadhesisidcatiiiniaciatatias:. ee 
24. Tree bark blown into line. 0.43 
SI Tah i is netinctnmcinmsnicnaiteandliaaink a te 
ee ee iirc cectetntisictininincencenteneitabnisidiaiecniitiienininanuitianint 0.52 
RE ee mee 0.07 
See” UG ROI III i dies tecescdcescnsndtguposninccdonhensinineie . 


29. Wire carried into line by bird 
30. Blasting under line.. 












31. Line shorted with hot. tools. Liane ha eliecniagchSlestckasieiaieadi 0.52 
32. Signal wire thrown into line by train................00020 0.07 
a ee a ee 0.52 
Sr IE TI IN cir cihiensceniticcessicivrnniznntittinnnctecencditnlntaitiananis 0.28 
35. High winds... coi iesiiidiinnlasiiiies 6.59 
36. Wind loosened “hot tap. Oe eda 0.07 
37. Consumer’s oil switch failure : 1.57 
38. Wires blown down........ feessisibdlatdeideaten 0.21 
39. Cattle rubbing structures.... ; . 0.64 
ae ee I I sisal lectnetinincprstiisn cdhceicisancc enim 0.64 
41. Current transformer failure station...........-..22-220220000.-... 0.52 
i, ee I GUUS COU Nitec rrsdinccrcstttcerceicenicmisincenes 0.07 
43. Portable oil switch failure..... 0.07 
OG Oe i cetrettcimtsntaistnticictinticis 0.57 
ee ID Bs cette tadaicieriainctencinsctiniibintcnsinamnsennensésnsoieneiaitinttinis 0.28 
46. Poles blown around in the hole.................0..202..--22.--.....--.2------ 0.07 
Ee ee Ie Tam acter tie ctieprecietccnscttentbareerenioscnnemepcainesnanastinntics 0.36 


Causes of Interruption (Continued) 

Causes Per Cent 
SB. Timaeraprcwmd, Cm ln Dee csv cecectcctntiteese ctv vetenounnsintnnns . 0.14 
ED, PSC Te Dam TE, inci acct ccrrctcrsencvtrsscrenne 0.36 
OD RAC TI iirc acc oes crestcetcecns ebctandssnnacee 0.57 
51. Improper relay sctting.........-...................-...... ee eee waisibatanke 0.21 
52. Man grounded line with designating sign-............. ilinecsapiheni 0.07 
Se i i ri esrb cineca etn 0.07 
54. Radio aerials shorted line................. [ici atesiApowiaenneiectneact egacetin 0.07 
55. Insulator pin came unscrewed...................... -.------- 0.07 


56. Man shaking guy shorted line...................... ails ab bedinchdacntapehintocs «i Gis 





ST... ak eter ted: a G6 ack eeepc ecinnnin 0.28 
55... Siatien eo sie. es... ee Rit ccaiiaiiblial 0.52 
ee ee ee eee ae 0.07 
CO. Fie Baw WUPEREy: TH noises cinterectntee - . 0.52 
Gi.  Semeibate wel Ween Wane cist eee Sccben octaves Uae 
62. Grounded line energized .................-.-......- eer nen ocncinasiecae® aI 
53. Station transformer failed...................... weheadbatine aoinedthteammtons = ae 
G4. Dredger WeGertsimed WOUC...-.cniccncc ccccrsinesscerens--- svc ee 
65. Dirty insulators and heavy fog....... 0.86 
66. Grounded detector troubles............... 0.21 
67. Hot disconnect opened..................... cedteishercsteles 0.14 
68. Grass fire burned poles down............................. = ssajcena, 
69. Station transformer bushing cracked..................................... 0.21 
70. Guy wire broke, wires swung together... -........... ; ee 
71. Fuse blew cn potential tru..sformers.................. snccee  OOEe 
72. Are from primaries shorted 66 kv. ................ s a * Bier 
73. Steam spraying over pole top switch............. de 0.07 
TS, Fa Fe I I ainsi: dis Pew icrwiiccnerecsinecamecte scneieny'. 
75. Potential transformer failed................... 5 ‘i ——a” Sa 
76. Derrick builders pulled wires together 0.28 
77. Voltage regulator burned out.........-.. pecs mF 0.07 
73. Teaproner Tebey Wirt nc. secs ene Bid ks aioe . 0.07 
79. Overload on bus tie switch........................... pein an OT 
80. Tap failed Gue to corrosion................................ . 9.07 
81. Wire: pulled OFF OF TW tle tot Boia cesiicinw cn ccsccncneccss ss... ~ 8582 
82. Brush fire burned pole down.............. Saal ramet ins 
83. Lines of different voltage blown together....... . 0.14 
C4, DSP EOI. TRIN assists a 
85. Tow tension switch failed to relay-................. nice 
86. Grounding transformer failed_-......... Sa 0.07 
87. Line sagged into trees.... peat eS = 0.07 
88. Current transformer failed........................ ibs See 
89. Earthquake broke wire.........-........- bi ny ae 
OO; TOC TR TR Dict ccsticn tition ; 0.43 
91. Trees cut into line....... ipiatreentnien ialasiiies . 0.78 
92. Oil tank exploded............. Kec dlislatesdh eisisldaseiseiliotacts . 0.07 
93. Bushing lug failed-.-.. a eae - 9.07 
94. Trip coils burned out on relay a nani 1 
95. Tie wire broke a caneanaa . 0.07 
96. Truck pushed pipe into line a ace sd . 0.07 
97. Condenser switch failed . Paleaie scam : . 0.07 
98. Fuseholder shorted....... : Lieatiacoaetetneediietatia i. See 
99. Pothead failure........ . a ee : , Ona 
100. Rag fell across insulator pipet : , 207 
101. Crossarm broken..... INS 2 = . 0.07 
102. Generator failure (electrical )............................... . 0.14 
103. Hallowe’en pranks.. aa ; . 9.21 
it See |, ee 0.14 
105. Man contacted line... 0.07 
106. Weeds blown into line 0.14 
ROG. RECUR WIOCOR WE TEURC ccciiccciccceccrcicceree 0.07 

Total Fens Gndipsianmniineoinapanenp hi dantsnentnineiabaaimediare ..-.100.00 


We have endeavored also to make some study of the loss 
in amp.-hr. due to circuit interruptions. A number of 11 
and 16-kv. circuits were studied where momentary interrup- 
tions have occurred to try to determine how long a period 
elapses before the load comes back on the circuit after such 
an interruption. We find in the agricultural districts that 
considerable time elapses before the load returns to normal. 
On the circuits feeding industrial business, the time is very 
short; in other words, the load is picked up in most cases 
in less than one hour’s time. We were not able to get very 
accurate readings, as the circuit ammeters are only ready 
once each hour. In plotting the curves we have taken the 
readings of the day previous to the day on which the inter- 
ruption occurred and used this as the normal load, then plot- 
ting the following day when the interruption occurred to show 
the drop in load and the length of time required to regain this 
business. It was hoped that some figure could be developed 
to show the loss in revenue due to circuit interruptions, as 
this figure would help to determine how much money could 
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economically be spent in avoiding interruptions. 
information has not been obtained to draw any definite con- 


Sufficient 


clusions along this line. We know, however, that the public 
relations suffer very materially due to interruptions, par- 
ticularly on heavy industrial loads such as oil well drilling, 
oil refineries, foundries, etc., where considerable damage to 
consumers’ equipment may result if the load is dropped. 


Pole Line Structures and Devices* 


This subcommittee has devoted its time to wood poles 
and has chosen to limit its report almost entirely to the 
description of tests on poles and pole treatments, which 
are being conducted by various agencies, so that they 
may be recorded in one place for their present interest 
and for future reference. The items reported are as 
foilows: 


1. Cedar poles treated with arsenical solutions. 

2. Deflection of poles under load. 

3. Development of checks after treatment. 

4. Percentage of poles infested with termites on oper- 
ating system. 


CEDAR POLES TREATED WITH ARSENICAL SOLUTIONS—FULL 


LENGTH, OPEN TANK TREATMENT 


OLUTIONS of sodium arsenite, arsenic trioxide and a 

combination of these two, known as the regular solution, 
have been used for wood preservation purposes by the Ana- 
conda Copper Mining Company since February, 1926. Small 
installations of pole stubs and railway ties treated with 
sodium arsenite and arsenous acid were made in December, 
1925. From January, 1927, until June, 1929, 500 cubic feet 
of pole stubs and mine timber were treated daily by the 
Bethel process at the company’s Rocker treating plant. This 
solution contained arsenic trioxide and caustic soda in the 
ratio of six of the former to one of the latter, having a 


* Report of subcommittee on pole line structures and devices, over- 
head systems committee, Engineering Section. Harold Michener, 
chairman. E, R. Banks, J. E. Crilly, R. E. Cunningham, C, A, P. 
luffie, F. J. Gleiss, G. H. Hagar, BE. A. Hart, J. F. Hodges, B. C, 
Holst, C. E. Ingalls, C. B. Judson, C. L. Lawrie, G. A. MacDonald, 


J. B. Naugle, G. E. Nott, A. J. Pahl, E. Y. Porter, J. C. Porter, 
D. D. Smalley, J. O. Tobey, C. E. Young. 





Fig. 1. 40-ft. cedar pole under deflection test showing method of 
holding butt section and applying load at top. 
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concentration of 5 to 6 per cent arsenic trioxide. In addition, 
approximately 1,500,000 b.ft. of sawn timber and planking 
were treated in a small open tank plant at one of the mines 
in Butte using this same solution. 

Since June, 1929, the Rocker plant has been using a neutral 
solution containing a ratio of arsenic trioxide to caustic 
soda of six to one-tenth. . 


During October, November and December rather large 
scale co-operative tests in the full length open tank treat- 
ment of Western red cedar poles with arsenical solutions 
were carried out at the Alhambra treating plant of the 
Southern California Edison Company. A total of 356 8-in. 
top 40-ft. poles were treated with two solutions, 180 with the 
regular solution and 176 with the neutral solution. 


The regular solution was first made in a concentrated form 
and then diluted until it contained approximately 5 per cent 
by weight of arsenic trioxide and 0.8 per cent caustic soda. 
The neutral solution was obtained by the addition of sul- 
phuric acid to the regular solution until the caustic soda was 
reduced from 0.8 per cent to approximately 0.05 per cent. 


After thorough agitation in the storage tank, the solution 
was transferred by gravity to the treating tank containing 
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Fig. 2. Deflection tests, 35-ft. poles, August, 1929. 
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Top Ground Line Top _ Ground Line 

Pole Diameter Diameter Pole Diameter Diameter 
Number Inches Inches Number Inches Inches 

15 9% 103% 35-A 7% il 

16 85% 9% 35-B 7% 9% 

17 8k 10% 35-C 7% 1014 

18 8 10% 35-D 7% 9% 

19 8% 10% 35-E 7% 10% 
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sixteen poles in sufficient quantity to cover the highest point 
of these poles to a depth of at least 6 in. so as to allow for 
evaporation and absorption and still have the poles covered 
at the end of the treating period. The treating tank was 
then covered and the solution in it heated to approximately 
212 deg. F. and the temperature held there for from two to 
four hours, after which the covers were removed and the 
treating tank contents allowed to cool for about fifteen hours. 
The solution was then pumped from the treating tank, where 
it was thoroughly agitated, its quantity and temperature 
measured and samples taken, all to help determine the 
amount of arsenic that had been left in that charge of poles. 


The poles were all numbered consecutively and each fifth 
pole was designated as a test pole. Borings at specified loca- 
tions were taken from these test poles as soon as possible 
after their removal from the treating tank. While the pene- 
trated portion of the wood was wet, the depth of penetration 
could be determined very accurately. The borings were dried 
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Fig.3. Deflection tests, 40-ft. poles, August, 1929. 


Douglas Fir Western 1 Re d Cedar 














Top Ground Line Top G round | Line 

Pole Diameter Diameter Pole Diameter Diameter 
Number Inches Inches Number Inches Inc hes 

12 8% 11% 40-A 8 10% 

13 8% 12% 40-B 8 13 

14 834 12% 40-C 8% 11% 

20 814 11% 40-D 8% 13% 

21 9% 12 40-E 814 12 
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and analyses made to determine the amount of arsenic con- 
tained by them. From this the amount of arsenic absorbed 
(in Ib.) per cu.ft. of penetrated sapwood, per cu.ft. of total 
sapwood and per cu.ft. of total wood in the poles were com- 
puted. The averages for these quantities for the 22 runs 
through the treating tanks are as follows: 


Pree Ceekt Od wt a ocrcshecescctkici ieee etiiecstninsemeencninontinn 81.5 
Pounds As2O; absorbed per cu.ft. of penetrated sapwood..............1.92 
Pounds As:O: absorbed per cu.ft. of total sapwood....................... 1.57 
Pounds As2Os absorbed per cu.ft. of total wood in poles.............. 0.42 


These poles are being set in various districts on the system 
to get all possible variation in the amount of rainfall to 
which they will be subjected. Every few years new borings 
will be taken from the test poles to determine the amount of 
arsenic still remaining in the wood. 

During June, July and August, 1929, the Southern Sierras 
Power Company applied arsenic wood preserver in the paste 
form to the butts of 290 Western red cedar poles in the line 
of its Yuma property. 

These poles had been set in 1918 without treatment. At 
the time of the treatment the sapwood was practically gone 






































but the heart wood was sound, except for termite runways, in 
nearly all of the poles. In these lines there were, in addition 
to the 290 poles treated with the arsenic wood preserver, 
eighteen new poles or poles having creosoted butts, four 
poles which were removed at time of treatment or marked 
for immediate removal on account of decay or termites, and 
six poles which were in wet alkali soil and were not treated 
with the paste. The eighteen new and creosoted poles had 
been set to replace an equal numbr of the original poles that 
had failed. This gives an idea of how well the untreated 
poles were lasting. Termites or termite workings were found 
in 122 out of the 290 poles treated. 


On the poles that were treated with the arsenic wood pre- 
server the decayed wood was shaved off and the paste ap- 
plied from the ground line to depths varying from 8 to 4 ft. 
Costs kept on the latter part of this job show an average of 
$2.56 per pole including everything except overhead costs. 


Under date of Feb. 27 and 28, 1930, twenty of the above 
poles were critically examined by excavation around the poles 
and chipping off the outside wood wherever indications of 
termite workings were found. One or two poles were exca- 
vated to a considerable depth below the application of the 
preservative paste in order to determine, if possible, if any 
termites might exist near the bottom of the pole. The soil 










































































Fig.4. Deflection tests, 50-ft. poles, August, 1929. 





Douglas Fir Western Red Cedar 
Top Ground Line Top Ground Line 
Pole Diameter . Diameter Pole Diameter Diameter 
Number Inches Inches Number Inches Inches 
4 9% 13 50-A 8% 14% 
il 9% 13% 50-B 8% 13% 
22 9% 13% 50-C 8% 12 
23 0% 12% 50-D 9% 16% 
24 834 128% 50-E 9% 15% 
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Fig.5. Deflection tests, 60-ft. poles, August, 1929. 


Douglas Fir Western Red Cedar 
Top Ground Line Top Ground Line 
Pole Diameter Diameter Pole Diameter Diameter 
Number Inches Inches Number Inches Inches 
2 8 13% 60-A 9 14% 
5 8% 13% 60-B 9 14% 
6 9% 13% 60-C 10% 14% 
7 9 12% 60-D 9% 14% 
25 9 1344 60-E 10 14% * 
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in practically all cases was moist and in some cases quite 
wet at varying depths below the surface and in all cases the 
wood under the paste appeared to be slightly stained a 
brownish color. No chemical tests have been made, however, 
to show whether or not this is a definite indication of absorp- 


tion of the arsenic compounds. However, borings at three 
points, i.e., ground line, 15 in. below and 15 to 18 in. above 
ground were made with a view to having test made of same 
to determine content of arsenic. Live termites were found 
in all of these poles at the time the preservative was applied 
and naturally workings and chambers made by termites were 
found at the time of the recent inspection. Live termites, 
however, were found in only one pole. This pole had the 
most extensive workings and chambers of any of the poles 
examined, some of these chambers extending to a height 
of about 12 ft. above the ground, which is the highest point 
at which any workings have been found on poles in the Yuma 
district. This particular pole was completely girdled by 
termite chambers and about a dozen individuals were found 
in one pocket about 2 ft. above the ground. These were a 
dry wood form. The remains of dead termites were found 
in three of the poles. 


DEFLECTION OF POLES UNDER LOAD—COMPARATIVE TEsTs, 25 
CEDAR AND 25 Fir POLES 


These tests were made by the fir pole producers for the 
purpose of obtaining experimental data to confirm calculated 
results and to be more convincing to those who are inclined 
to discount calculated results. The test set-up was as shown 
in Fig. 1. The below-ground section of the pole was heid 
rigidly, while the top was deflected by a pull applied through 
a dynamometer, the deflection being measured at the top. At 
no time were the poles stressed to their elastic limit. 

Five cedar poles and five fir poles of each of the following 
lengths were tested: 35, 40, 50, 60 and 70 ft. The load-de- 
fiection curves for these poles are shown in Figs. 2 to 6, in- 
clusive. The top diameter, ground line diameter and length 
is shown for each pole. A few typical poles may be com- 
pared as follows: 

Cedar pole No. 35E, 74% x10% in. x 35 ft., was deflected 3 ft. by 
a pull of 680 lb., while fir pole No. 18, 8x105% in.x35 ft. was 
defiected 3 ft. by a pull of 1,275 Ib. 

Cedar pole No, 40E, 8% x12in.x 40 ft., was deflected 3 ft. by a 
pull of 830 lb., while fir pole No. 20, 8144 x11% in. x 40 ft. was de- 
flected 3 ft. by a pull of 1,630 Ib. 

Cedar pole No, 50D, 9144 x 16 % in. x 50 ft., was deflected 3 ft. by a 
pull of 1,100 lb., while fir pole No. 23, 9144 x 12% in. x 50 ft., and No, 


24, 8% x 12% in.x 50 ft., were each deflected 3 ft. by a pull of 
1,100 Ib. 


The five 60-ft. cedar poles ranged in measurements from 
9x 145%-in. to 10x 14%-in. and were deflected 4-ft. by pulls 
ranging from 720 lb. to 970 lb. with an average of 830 Ib., 
while the five 60-ft. fir poles ranging from 8 to 9%-in. top 
diameter and from 12 to 13%-in. ground diameter were 
deflected four feet by pulls ranging from 1,030 lb. to 1,300 
lb., with an average of 1,200 lb. 


DEVELOPMENT OF CHECKS AFTER TREATMENT—OBSERVATIONS 
ON 25 PRESSURE CREOSOTED FIR POLES TO DETERMINE 
CHANGES IN CHECKS AFTER TREATMENT 


The 25 fir poles used in the flexibility test were also used 
for test poles to determine whether checks which exist imme- 
diately after treatment increase or diminish in size as the 
poles age. In this lot there were five poles of each of the 
following lengths: 35, 40, 50, 60 and 70 ft. These poles were 
treated on July 12, 1929, to meet the tentative specification 
dated November, 1929. The moisture content of the outside 
2-in. zone averaged for the 25 poles, was 18.84 per cent 
before treatment. After treatment the moisture content of 
the outer 2-in. zone was 13.94 per cent and that of the 
untreated heartwood was 24.90 per cent. The average creo- 
sote content in the penetrated area, determined by the extrac- 
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tion method specified, was 0.794 grams per boring. This is 
slightly in excess of the 0.75 grams per boring, which is 
approximately equal to eight Ib. of creasote per cu.ft. of wood. 

Within the first week after treatment the checks in each 
pole were measured and recorded by width and location in 
each quadrant on five different circumstances,—one foot from 
the butt, at the ground line, ten and twenty feet from the 
butt and two inches below the top gain. 

On July 24, 1929, the poles were shipped by boat from 
the Pacific Creosoting Company’s plant near Seattle, where 
they were treated, to the J. H. Baxter Company yard at 
Long Beach where the flexibility tests were made on Aug. 8. 
They stayed at the Baxter yard until Oct. 25 when they 
were taken to the Alhambra pole yard of the Southern Cali- 
fornia Edison Company and spread on the tops of some 
high piles of poles. On Dec. 11 to 17, 1929, the checks were 
again measured. This was five months after the poles were 
treated and practically that length of time in Southern Cali- 
fornia during an unusually dry summer and fall. In all that 
period only 0.32-in. of rain had fallen and there had been 
practically no fog until the last two weeks. 

The checks had changed very little. Of the 886 originally 
recorded 300 were smaller and 120 were larger on the second 
measurement but most all of these differences were not 
greater than 1/16-in., some were %-in. and only a very few 
of the increases as great as %4-in. 

The poles are now being installed in five scattered loca- 
tions on the Southern California Edison. Company system 
and the checks will be measured and recorded from time to 


ae Pech Po De Bd ooh Le BAe, 
bh Miah, Sache Lac heh lt ga he 
ESE rd 
el TTT A 


A 
COBY 
nl Yee A 
a Ae PA 




















yee ae 
Pet CO 
ee et] 


Fig.6. Deflection tests, 70-ft. poles, August, 1929. 


Douglas Fir Western Red Cedar 





Top Ground Line Top Ground Line 











Pole Diameter Diameter Pole Diameter Diameter, 
Number Inches Inches Number Inches Inches 
1 9% 13% 70-A 10% 18% 
3 8% 1414 70-B 934 1714 
8 8% 141% 70-C 1034 19% 
9 9% 14 70-D 9% 161% 
10 9% 14% 70-E 834 1334 
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time. In this way a fairly accurate picture should be devel- 
oped of the changes that take place in the checks of these 
poles over a long period of time. 


PERCENTAGE OF POLES INFESTED WITH TERMITES ON 


OPERATING SYSTEM 


The Department of Water and Power, City of Los Angeles, 
has tabulated the poles removed from service due to all 
causes from Jan. 1, 1928, to Dec. 1, 1929, practically two 
years. All the poles set had been butt treated with creosote 
and the termites found were the dry wood type. These tabu- 
lations show the number of poles set each year, beginning 
with 1916, the number of those set each year which have 
been removed each month since Jan. 1, 1928, and the number 
of those set each year and removed each month which were 
infested at the time of removal. 

This information has been summarized in an attempt to 
determine the percentage of poles set in the various years 
which are now infested with termites. Of course the curve 
of percent of poles infested with termites plotted against 
the years in which the poles were set is not a smooth curve, 
but still it is quite significant. Smoothed out a little it would 
start at about 95 per cent for poles set in 1916 and drop 
along a straight line to 15 per cent for poles set in 1925 
and then flatten out somewhat for those set since that time. 

Lumped in another way, 81.3 per cent of the poles set in 
the years 1916 to 1919 inclusive (a total of 18,300 poles), 
are infested with termites, and 66.7 per cent of the poles 
set in the years 1916 to 1923 inclusive (a total of 40,700 
poles), are infested with termites. These two statements 
are based on the poles removed which constitute 5.5 per cent 
of the poles set in each case and hence seem a fairly good 
basis for the conclusion that the remaining 94.5 per cent of 
the poles are infested in anproximately the same proportion. 
In no case were these poles removed on account of termite 
infestation. 


ROUND REDWOOD POLES TREATED WITH ANACONDA Woop 


PRESERVER 


The Pacific Gas and Electric Company has set two lines 
of round redwood poles butt-treated with Anaconda wood 
preservative. These poles were cut from second growth trees 
standing near where they were set. They were not allowed 
to season before setting. 

One of these lines is located along the highway entering 
the state redwood park in the Big Basin, Santa Cruz County. 
It is about 2.7 miles in length and was completed Dec. 26, 
1929. The fifteen 40-ft. poles set to a depth of 5%-ft., the 
46 35-ft. poles set to a depth of 5 ft., and the five 30-ft. 
guy stubs set to a depth of 5 ft., were all treated, when 
set, with Anaconda wood preserver paste, as follows: 


From one to two lb. of paste were plastered on the butt of the 
pole, an 18-in. collar 4-in. thick was plastered around the pole 
with its lower edge 12 in. from the butt, and a 24-in. collar was 
plastered around the pole with its upper edge just below the ground 
line. Approximately 15 lb. of preservative were used per pole. The 
poles cost, delivered to the line, $10 each for the 30 and 35-ft. 
poles and $12 each for the 40-ft. poles. 


The other line consists of 13 poles having butts from 11 
to 16 in. in diameter, set in December, 1929, along a road 
in Pocket Canyon running westerly from the Guerneville- 
Forestville Highway, Sonoma County, some distance toward 
Guerneville from the Mountain View School. These poles 
were also set green and were treated with the dust form of 
Anaconda wood preserver. 
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Transformer Loading and Methods of 
Measuring Loads* 


The activities of this particular subcommittee have 
extended over a period of about one and one-half years 
and this report is intended to crystallize all of the study 
and findings of the subcommittee during this time. The 
work was probably conceived because of the fact that 
many companies appear to be overtransformered for 
some classes of service as is evidenced by the extremely 
few failures of transformers due to overload as well as 
by the very low demand factor on many large groups 
of transformers supplying a reasonably high class su- 
burban load. 

Most companies in determining the size of transfor- 
mers to be installed for a particular connected load use 
the “rule of thumb” method, in existance for many years. 
To determine whether or not that “rule of thumb” meth- 
od is correct, both economically and from the standpoint 
of service is the principal effort of this subcommittee. 
The results attained toward this end speak for them- 
selves. They are not at all intended to be conclusive 
since they are the opinion of only a few individuals but 
they at least offer a basis for additional research. It is 
true that the problem might well be handled solely by 
mathematics but the. difficulties brought about by many 
assumptions hard to bring into accord with actual facts, 
justified a study in the field under actual operating con- 
ditions. Such a field study, without the ideal conditions 
often existing in the laboratory, generally introduces 
erratic results which are not always easy to interpret, 
but, in spite of this fact, this method seemed the best 
to pursue. 


aby principal factors are involved in the study of trans- 

former loads, the heating of the transformer due to load 
and the regulation of the transformer due to that load. 
Heating of the transformer is a comparatively simple matter 
to compute, knowing the characteristics of the transformer 
and making certain assumptions as to the magnitude and 
periodicity of the load. These assumptions will be found 
to introduce the errors in such a method. The regulation, 
however, is a somewhat different matter, even although the 
actual transformer and service regulation may be known. 
The human part of the equation introduces the unknown 
variables. Economics is a very essential part of the study, 
as is true with most subjects under consideration by this 
organization, and has to do with the relative costs of the 
different sized transformers and services. 

Transformer loading as a subject covers an enormous field, 
and it seemed desirable to limit the activities of this sub- 
committee to one small subdivision of that subject and to 
endeavor to cover it in as complete a manner as possible 
in the time allowed. Accordingly the work has been confined 
entirely to the study of the loading of the smaller distribu- 
tion transformers and particularly those supplying service 
to lights combined with electric ranges and water-heaters, 
together with a small amount of air heating, but not includ- 
ing service to residences entirely heated electrically. 

Methods of measuring load on transformers include many 
different types of equipment and instruments, many of which 
have been used in connection with the studies carried on by 
this subcommittee. The actual load is measured by means 
of various types of recording ammeters, using strip charts, 





* Keport of subcommittee on transformer loading, overhead systems 
coinmittee, Engineering Section. H,. H. Buell, chairman. ‘ . 
Chempion, A. S. Glasgow, R. V. Hall, C, C. Potts, A, C. Putnam, 
G. A. Riley, W. C. Smith, A. E, Strong. 
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circular charts, and charts with double scales for recording 
both sides of a three-wire transformer simultaneously. The 
ammeters are connected to standard current transformers 
and to portable split-core transformers with either one or 
several current ranges. Recent designs have greatly reduced 
the weight of these portable transformers by cutting down 
the secondary current. Transformer temperature is meas- 
ured by means of recording thermometers using circular 
charts, the bulb being placed in the oil and proper allowance 
being made for hot spot temperature. Several different 


devices are also available which are calibrated to read trans- 
former load on the basis of oil temperature, allowing for 
the ambient temperature, while other devices are designed 
to indicate dangerous oil temperatures and, therefore, dan- 
gerous loads, by means of a flag or marker. Voltages are 
measured by means of portable recording voltmeters of as 
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Fig. 1. 1,-kw. transformer loaded at 115 volts and 230 volts 


respectively. 
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many types as there are recording ammeters. In addition, 
there are an equal number of indicating instruments of all 
types. It hardly seems necessary to elaborate on this detail. 
There are very few, if any, new developments in this equip- 
ment with which most engineers are not familiar. 


HEATING UNDER FIELD CONDITIONS 


The first part of the study involved the heating of trans- 
formers under actual load conditions in the field. A large 
number of representative, or what were considered to be 
representative, installations were selected at random over 
a certain area made up of relatively prosperous suburban 
properties and consisting of ranges and water heaters with 
lights. A few small air heaters were also included in these 
connections. Equipment was assembled, indicating the actual 
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Fig. 2. 3-kw. transformer loaded at 115 volts and 230 volts 
respectively. 
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load supplied, by means of a recording ammeter connected 
to a three-wire current transformer. The actual oil tem- 
perature was recorded on a circular chart. The maximum 
percentage of full load, as determined by the oil temperature, 
was indicated by another instrument. A mass of data was 
secured which was carefully digested and, although even 
this was not enough to permit definite conclusions to be 
drawn, at least one pertinent fact was at once apparent. 
The transformers which were studied had been installed by 
the “rule of thumb” method as to size. Every transformer 
was found to be far larger than was at all necessary con- 
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Fig. 3. 5-kw. transformer loaded at 115 volts and 230 volts 
respectively. 
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sidered on the basis of heating only, and even transformers 
of half the customary size did not reach a temperature of 
more than 110 deg. F. under actual field conditions. As an 
extreme case, several 144-kw. transformers were connected 
to installations of range, water-heater and lights and none 
of them reached a temperature of more than 110 deg. F. in 
the oil. The devices, indicating percent of full load on the 
basis of oil temperatures, showed practically no movement 
of the pointer. This shows clearly the reason why such 
devices ofter appear to be out of order when installed in 
transformers. We have a very erroneous idea of the demand 
factor on many classes of service, especially over a period 
of a number of hours. A perusal of the recording ammeter 
charts on such installations will indicate a very small period 
of time during which the major equipment is operating. 
There are, of course, exceptions to such a statement but 
the very small number of transformer burn-outs proves that 
the exceptions are rare indeed. 


REGULATION OF TRANSFORMERS 


The study of the regulation of transformers under actual 
field conditions was found to be very difficult. As a matter 
of fact, the effect of regulation is largely a matter of per- 
sonal opinion based somewhat on the past experience and 
education of the individual being served. Voltage drop, inso- 
far as the class of service under consideration is involved, 
is evidenced in two ways: by the failure of the heating 
equipment to function as rapidly as it should, and by the 
effect on the candle power of the lamps in operation on the 
same service with the other equipment. The former effect 
is purely mechanical and is not particularly objectionable 
over fairly wide ranges of voltage variation. The latter 
effect, however, introduces the human element and necessi- 
tates careful attention. 


It is a well known fact that a sudden drop in voltage 
of even small magnitude is at once apparent to an observer, 
or even to one who is merely using an incandescent lamp 
for reading purposes, whereas the gradual lowering of volt- 
age to that same, or to a much lower value, will make 
no impression. The periodicity of the drops in voltage have 
a great deal to do with the effect produced. A continual 
rapid fluctuation in voltage of even small magnitude, such 
as is caused by some types of refrigerators, for instance, 
is very objectionable, whereas very much larger fluctuations 
occurring relatively infrequently will not result in criticism 
of service. It is interesting to note that whereas the illumi- 
nation from an electric lamp drops off very rapidly with 
small decreases in voltage below the normal voltage of the 
lamp, nevertheless the illumination is still reasonably good 
at these low voltages, provided, as said before, that the 
full drop occurs gradually and not instantaneously. 

In an effort to establish some standard on which to base 
conclusions as to permissible fluctuations in voltage, and, 
therefore, in candlepower, a number of tests were made 
and the impressions produced on several individuals noted. 
It must be understood that it is impossible to supply any 
service without a certain amount of voltage drop as the 
load is applied. It is a question as to the permissible mag- 
nitude of the variations giving due consideration to the 
economics of the problem. The effort is to determine what 
effect relatively large fluctuations will have on the eye. These 
results are merely the expression of opinion of one individual 
and others undoubtedly will not at all agree as to the 
values given. 


Relative Visual 
Impression 


Approximate 
Candle Power 


Voltage Drop 
Below Normal 


Per Cent Per Cent of Normal 
2.6 92 Excellent 
4.3 87 Not objectionable 
6.0 80 Severe 
7.8 75 Very Severe 


Electrical West — Vol. 64, No. 6 





A wees CoE Me 


Pekar ns 





awk es 


Because of the difficulties experienced in measuring trans- 
former drop under actual field conditions, it was decided 
to set up an experimental installation and determine the 
transformer regulation for several of the smaller distribution 
transformers under various load conditions. In addition, 
since transformer regulation is not the only factor which 
determines what class of service is received by the con- 
sumer, the voltage drop in service wires of four different 
sizes was measured for each load and each size of trans- 
former. It is, of course, perfectly possible to secure from 
the manufacturer, curves showing the characteristics of all 
of the distribution transformers and also to compute the 
resistance and inductions of each service and thus determine 
mathematically the total voltage drop, but the experimental 
measurements seemed to be perfectly easy to make and not 
to entail any material expense. Many engineers, at least 
those who have not given the matter any particular study, 
have long had a rather vague or misguided idea of the rela- 
tive voltage drop in the transformer and in the service and 
the results of these tests may, therefore, prove of interest. 

The following is a summary of the tests made: 


Transformers tested—1%, 3, 5 & 7%4-kv., 2,300-115/230 volts. 

Services—Nos. 8, 6, 4, and 2, each 95 ft. long. 

Load—Approximately the load which might be applied when a 
water heater or range oven is turned on—together with larger 
values merely to indicate the relative drop in the transformer and 
service. Before the advent of the load balancing switches, 3 kw. 
at 115 volts, represented by the top and bottom units in the oven, 
would be turned on instantaneously and this condition was included 
in the tests. 


The readings taken are not intended to be exact and pre- 
cision instruments were not used. The values are, however, 
close enough to true readings to be comparative. 


The results of the tests are shown in the following figures 
which have been arranged in form given for convenience. 


A number of very interesting facts will be apparent on 
studying the charts, and any one combination of trans- 
former and service can be compared with any other com- 
bination. For instance, a 5-kw. transformer with No. 8 
service will be found to compare very favorably with a 3-kw. 
transformer with No. 2 service, as to performance, whereas 
the cost of the two installations is approximately the same. 
In considering these values one should remember the very 
low demand factors of installations of this type. Probably 
the first impression one will receive is the relatively large 
voltage drop in the transformer compared with the service. 


In order to improve the situation as regards transformer 
regulation and its effect on service, several corrective meas- 
ures are indicated. It is a fact that the manufacturers have 
materially improved the efficiency of transformers year by 
year, but have not improved the regulation at all. A com- 
parison in this respect between transformers manufactured 
10 years ago and those of today will show almost exactly 
the same regulation. It would seem that this characteristic 
might well be the subject of research, especially when it is 
known that. transformers in service, large enough to provide 
proper regulation, are far larger than necessary considering 
heating. If regulation of transformers cannot be improved 
practically and without increase in costs, it would appear 
that the time is ripe for the development of a self-com- 
pounding transformer without moving parts and without a 
material increase in costs. There seems to be a place also 
for a heating element with a high negative coefficient of 
resistance, apparently a fanciful suggestion but one which 
would be helpful. Another suggestion has to do with the 
visual effect of voltage drop and involves the development 
of lamps designed to respond to voltage changes much more 
slowly than do present lamps. Load balancing switches on 
electric ranges have gone a long way toward lowering the 
amount of load turned on instantaneously but the use of 
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5-kw. water heaters in this territory has counteracted that 
result to a very large extent. In these heaters the entire 
load is turned on at one time. The technical magazines have 
discussed water heating in other localities with the use of 
considerably smaller units, which would improve the situa- 


tion materially. 


No definite conclusions are offered by this subcommittee 
and the data secured are presented merely for the consid- 
eration of the membership of the association. 
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PRIME MOVERS COMMITTEE REPORTS’ 


Prime Movers Committee Activities* 


TEAM power plant development on the Pacific Coast has 

advanced rapidly during the past twelve months. Unit 
No. 11 in the Long Beach plant of the Southern California 
Edison Company and the new San Francisco plant of the 
Great Western Power Company are both in service. Work 
on the first Pacific Coast 1,400-lb. installation at Station A 
of the Pacific Gas and Electric Company is progressing 
rapidly and it is planned to have the first unit ready for 
the fall loads. Work has also commenced on the new unit 
for the Button Willow plant of the San Joaquin Light and 
Power Corporation. 


Due to the progress that is being made, the work of the 
prime movers committee is becoming more and more import- 
ant and a large amount of valuable data is being reported 
and published. In order that this data may be preserved 
for future reference in the most available form, consid- 
erable thought has been given to the method of preparing 
and arranging reports for publication in “Electrical West”. 
A special committee was organized for the purpose of mak- 
ing a study of the whole matter. This committee has been 
named the subcommittee on review and its report is included 
herewith. 


The reports which follow have been arranged by the sub- 
committee on review to conform to the recommendations 
contained in its own report, including the changing of the 
names of subcommittees to correspond with the new perma- 
nent classification recommended. Due to the earlier date set 
this year for the submitting of final reports, the time avail- 
able has been rather short for the subcommittee on review 
to place itself on a working basis and perform its newly 
created functions. We believe, however, that the improved 
results are already apparent in the reports published here- 
with and that increasing benefits may be anticipated as the 
recommendations set forth in this subcommittee’s report are 
put into effect. 


The subcommittees which have been active this year and 
a summary of the work reported on are given in the fol- 
lowing table: 


1. Review 


Permanent Classification of Subcommittees 
Suggestions for Writing Reports 
Suggestions Regarding Conduct of Technical Sessions 


2. Turbo-Generators and Auxiliaries 
Turbine Room Equipment at Station A, San Francisco 


2H. S. Markey, Great Western Power Company, chairman. 
Delany, Pacific Gas and Electric Company, vice-chairman. 
Allis-Chalmers Manufacturing Company: F, H. Searight. 
General Electric Company: R. F. Monges, E. E. Valk. 

Great Western Power Company: J. S. Moulton, C. P. Rhine. 
Hawaiian Electric Company, Ltd.: L. A, Hicks. 

Leeds & Northrup Company: L. E. Emerich. 


C.. i, 


Los Angeles Gas and Electric Corporation: G, H. Briggs, M. R. 
DeLisle, F. R. Knight, Kk. F. Leefeld, E. G. MacDonald, Weller 
Reed, H. E. Thompson, C. H. Zeise, 


Moore & Company, C. C.: D. P. Vail. 

Facific Gas and Electric Company: P. E, 
H. N. Mosher, M. E. 
E. Steinbeck. 

San Diego Consolidated Gas & Electric Company: E. D. 

Cc. W. Wiggins. 

Joaquin Light & 

Shirley. 

Southern California Edison Company: 
nett, Scott Jensen, L. J. 
Raymond Wilccx. 

Southern Sierras Power Company: V. E. Johnson. 

Westinghouse Electric & Manufacturing Company: C. H. 
R. A. Hopkins, 


Chapman, V. F. Estcourt, 
Mulkey, W. N. Munroe, R. C. Powell, C. 


Sherwin, 


San Power Corporation: A, Y. Meudell, H, T. 


J. W. Andree, H. C. 
Kraps, August Sattler, W. H. 


3en- 
Short, 


Brunner, 
* Report of H. S. Markey, chairman prime movers committee, En- 
Bineering Section, 
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3. Instruments, Automatic Control, and Plant Records 
Automatic Combustion Control 


Remote Control of Gas Pressure Regulators 
Feed Water Control 
4. Operating and Maintenance Practice 
Furnaces, Oil Burners, and Fuel Oil Pumps 
30iler Feed Pumps and Feed Water Regulators 
Safety Valves 
Economizer and Superheater Tube Failures 
Turbines and Condensers 
Evaporators, Extraction Heaters, Drainers, etc. 
5. Heat Balance, Design, and Plant Betterment 
Ideal Steam Cycles 
Probable Plant Efficiencies for Various Cycles 
Representative Results from Actual Plants 
Heat Balance Diagram of a Modern Plant 


6. Water Conditioning and Power Plant Chemistry 
Requirements for Correct Water Conditioning 
Short Methods for Making Routine Analyses 
Carry-over from Boilers 


Water Conditioning Practice at Seal Beach Station 





Report of Subcommittee on Review* 


This report includes recommendations for certain 
changes in the method of carrying on the work of the 
prime movers committee with a view to establishing 
greater continuity from year to year, and eliminating 
duplication of effort and overlapping of the work of sub- 
committees. A definite plan of procedure is outlined, 
including a system of permanent classification of sub- 
committees, suggestions regarding the writing of reports 
and the conduct of technical sessions and a plan for 
organizing each succeeding year’s work. 


SURVEY of the prime movers committee reports for 

the past five years has indicated that there has been 
considerable duplication of effort and in some cases an 
appreciable amount of overlapping of the work of two or 
more subcommittees functioning during the same year. It is 
also the opinion of many of the members that more con- 
sideration could profitably be given to the planning and 
organizing of new subcommittees. The subcommittee on 
review has been organized for the purpose of studying all 
the factors involved, no definite limitations being set on the 
scope of its activities. 


After carefully considering the problem from every angle, 
this subcommittee respectfully submits the following recom- 
mendations relating to: (1) A system of permanent classi- 
fication of subcommittee work; (2) Suggestions for writing 
reports; and (8) Suggestions regarding the conduct of tech- 
nical sessions including a plan for organizing each succeed- 
ing year’s work. 


PERMANENT CLASSIFICATION OF SUB-COMMITTEES 


Briefly this plan consists in establishing a permanent clas- 
sification of subjects under which all future subcommittee 
work may be carried on. In this way a certain degree of 
continuity from year to year would be automatically estab- 
lished and published reports of subcommittees would be 
enhanced in value due to their more systematic arrangement. 

Subcommittees would be appointed as usual but they would 
make their reports under the various permanent classifica- 
tions, making use of suitable subheadings which would best 
apply to the particular work assigned. It is possible that 





* Report of subcommittee on review, prime movers committee, En- 
gineering Section. V. F. Estcourt, chairman. J. W. Andree, N. 
Cohn, F. R Knight, A. Y. Meudell, E. D. Sherwin, Raymond Wilcox, 
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occasionally the work to be covered by a certain subcom- 
mittee would fall under two or more permanent classifica- 
tions; in such cases the subcommittee in question would make 
its report in two or more parts each being reported under 
the heading of the permanent classification which applies. 
A situation could also occur wherein too many of the sub- 
jects selected to be reported upon would fall under the same 
permanent classification and thus overburden one subcom- 
mittee; this condition would be met by appointing two dif- 
ferent subcommittees to make reports under the heading of 
the same permanent classification but under different sub- 
headings. Thus, for example, subcommittee A would report 
under the subheading of turbine lubrication and subcom- 
mittee B would report on preparation of operating code 
manual, both these subjects would be reported and pub- 
lished under the permanent classification heading of operat- 
ing and maintenance practice (see below, permanent classi- 
fication No. 8). 

In formulating the following permanent classification of 
subcommittees, the intention has been to make it embrace 
the entire prospective field of activity of the prime movers 
committee and at the same time concise enough to form a 
practical working instrument. It should be understood that 
the object is to provide a classification into which any sub- 
ject that might be selected will fit. The chairman of the 
prime movers committee will appoint only those subcommit- 
tees which are needed to carry out the year’s work and the 
remaining subcommittees listed under the classification will 
be inactive for that year. It is recommended that the classi- 
fication of subcommittees be arranged as follows: 


1. Review. ‘ 

2. Turbo-generators and auxiliaries. 

8. Condensers and auxiliaries, 

4. Boilers and auxiliaries. 

5. Fuel burning equipment, fuels, and furnaces. 

6. Instruments, automatic control, and plant records. 
7. Station piping. 

8. Operating and maintenance practice. 

9. Heat balance, design, and plant betterment. 

10. Water conditioning and power plant chemistry. 
11. Plant management. 

12. Oil and gas power. 


In order to suggest the scope of each classification listed 
above, the following outline has been prepared. It should 
be understood that this can be modified or added to as 
found necessary from time to time without affecting the 
general scheme: 

1. Review—It is recommended that the chairman of this 
subcommittee be the vice-chairman of the prime movers com- 
mittee, and further that each vice-chairman be appointed 
to serve for a period of three years, the first year in the 
capacity of chairman, the second as an ex-officio member, 
(assuming that he is also chairman of the prime movers 
committee during that year) and the third year as a regular 
member. It is clear that this arrangement will result in 
the vice-chairman, chairman, and the previous year’s chair- 
man of the prime movers committee all being members of 
the subcommittee on review at the same time. Two or three 
additional members should also be appointed from the mem- 
bership at large and one at least of these should be em- 
ployed by the same company as the chairman in order to 
be able better to assist in the large amount of routine work. 
In this manner a certain degree of continuity will be auto- 
matically preserved in the activities of this subcommittee 
from year to year. 

While it may not be possible or desirable to give any legal 
status to the above recommendations, this year’s subcom- 
mittee on review believes that the effectiveness of such an 
arrangement is so apparent that each incoming chairman 
of the prime movers committee will see fit to follow the 
general plan outlined when appointing members to serve 
on this subcommittee. 
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It is recommended that the subcommittee on review should 
perform the routine duties and other special work out- 
lined below. 


(a) To act in the capacity of an editorial committee for all 
reports submitted for publication in “Electrical West” paying par- 
ticular attention to the following: 

1. See that all reports are placed under the correct subject 
headings and in the same order as given under the per- 
manent classification of subcommittees. 


2. Collaborate with the chairman of the prime movers com 
mittee in preparing an introduction to the published prime 


movers committee reports as a whole. 


individual tables of contents submitted 
with each report and combine them into a tabulated out 
line of subject matter to appear as part of the introdu 
tion mentioned under item (2). An idea as to what is 
required in this way may be had by referring to the intro- 
duction to this 
(See also below, 


item (b).) 


tearrange the 


prime movers 


“Suggestions for 


year’s committee 


Writing 


reports. 


teports’ 


(b) To prepare, when considered desirable, a brief review of th« 
general progress and trends of the entire power plant field. It is 
also permissible for this subcommittee to 
its membership particularly qualified to write such a report. 

(c) To assist the chairman of the prime 
arranging the programs of the 
the matter of seeing that the 


select someone outside 
movers committee ir 
technical sessions, particularly in 
general are informed 
in advance of subjects of special importance, so that they may come 
prepared for discussion. 

(d) To review the minutes of other geographical sections and 
report any data that might be of interest to Pacific Coast plants 
This data should be reported at the technical sessions and 
porated in the minutes of the meeting. 

(e) To make a thorough investigation of the most desirable sub- 
jects for study during the coming year and 
tions in writing at the April meeting each year. This should 
include, when desirable, a survey of the work of past subcom 
mittees in the light of present day development with recommenda- 
tions for a review or 
up to date. 


members in 


incor- 


submit recommenda- 


further report in order to bring the subject 
These recommendations should be incorporated in the 
minutes of the April meeting but not in the final published report 
of this subcommittee appearing in “Electrical West’, 
below, Regarding Conduct of Technical 
Ttem 


(See also 


Suggestions Sessions 


(d).) 


2. Turbo-Generators and Ausxiliaries—To include all re- 
ports relating to the design and performance of both main 
and auxiliary turbines, and turbine auxiliaries such as gen- 
erator air coolers, stage feedwater heaters, 
turbine oil coolers, ete., as for example: 


evaporators, 


(a) Member companies’ statements regarding design of equip- 
ment, defects, or suggestions for improvement in construction. 
(b) Manufacturers’ regarding the latest 


ments in design and performance of equipment. 


statements develop- 


(c) Physical data on new installations of equipment. 
(d) Performance and test data of equipment 
(e) Turbine blade failures 


3. Condensers and Auxiliaries—To include all reports relat- 
ing to the design and performance of condensers and con- 
denser auxiliaries such as circulating pumps, air pumps, 
condensate pumps, cooling towers for condensers, etc., as 
for example: 


(a) (b), (ce), and (d) of Classification No 


(e) Corrosion of condenser tubes. 





4, Boilers and Auxiliaries—To include all reports relating 
to the design and performance of boilers, superheaters, econ- 
omizers, reheaters, air preheaters, forced and induced draft 
fans, feedwater pumps, etc., as for example: 


(a), (bY, (ce), and (d) of Classification No. 2. 


(e) Boiler tube failures. 


5. Fuel Fuels, 
include all reports relating to the design and performance 
of liquid and gaseous fuel burners, furnaces including water 


Burning Equipme nt, and Furnaces—To 
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cooled and air cooled walls, refractories, fuel oil pumps, 
etc., as for example: 


(a), (Bb), (ce), and (d) of Classification No. 2. 

6. Instruments, Automatic Control, and Plant Records—To 
include all reports relating to the design and performance 
of instruments, automatic control equipment such as auto- 
matic combustion control systems, feedwater regulators, tem- 
perature and pressure regulators, etc., also handling of 
charts, the methods of reporting results of operation, and 


so forth, as for example: 


(a), (b), (e), and (d) of Classification No. 2. 

(e) Plant records, handling of charts, etc. 

(f) Application of various instruments for various purposes. 

(9) Relative merits of various types of instruments for perform- 
ing the same function. 


7. Station Piping—To include all reports relating to the 
design, manufacture, and performance of piping, valves 
including boiler safety valves, fittings and flanges, and 
metallurgical problems relating to the manufacture and use 
of this equipment, as for example: 

(a), (b), (ce), and (d) of Classification No. 2. 

(e) Manufacturing and fabrication problems in connection with 
materials of construction. 


8. Operating and Maintenance Practice—To include all 
reports relating to the method of operating and the fre- 
quency cost, and kind of maintenance of various equipment 
including the development of standards of performing this 
work to the best advantage, lubrication problems, and 
methods of inspecting and checking equipment, as for ex- 
ample: 


(a) Frequency, and kind of maintenance 
various equipment under various load conditions. 

(b) Standard methods of cleaning, repairing, or 
equipment at minimum cost. 

(c) Standard methods of starting up, 
down equipment. 

(d) Study of reliability 
various load conditions, 
repairs, etc. 

(e) Maintenance material, such as packing, etc. 

(f) Lubrication of turbines and auxiliaries. 

(g) Routine inspections. 


cost, necessary on 


overhauling 
and 


operating, shutting 


under 
outages for 


factors of different equipment 
including data on necessary 


9. Heat Balance, Design, and Plant Betterment—To ii1- 
clude all reports relating to the design and heat balance of 
power plants, and the study of all subjects relating to plant 
betterment from an operating standpoint, as for example: 


(a) Data on the design and heat balance of various plants. 

(b) Influence of load on plant economy for various hook-ups. 

(c) Design and operation of standby plants for best economy. 

(d) Standards of operation for best economy, including the eco- 
nomics of shut-downs for cleaning or routine overhauling. 

(e) Methods of routine and special testing of equipment. 

(f) Economics of routine and special testing of equipment, 
including studies of the return on labor investment for such work. 


10. Water Conditioning and Power Plant Chemistry—To 
include all reports relating to the chemical treatment and 
other methods of conditioning boiler feedwater and con- 
densing water including the design and operation of boiler 
blow-down systems, steam purifiers, etc., also any study 
primarily of a chemical nature relating to any phase of 
power plant design or operation, as for example: 


9 


(a), (b), (ce), and (d) of Classification No. 

(e) Chemical treatment of boiler water and condensing water. 

(f) Control of boiler blow-down and its relation to feedwater 
conditioning. 

(9) Prevention of carry-over from boilers. 

(h) Condenser leakage problems as related to 
ditioning. 


feedwater con- 
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(i) Evaporator performance as related to feedwater conditioning. 

(j) Miscellaneous studies and data relating to power plant 
chemistry. 

11. Plant Management—To include all reports relating to 
plant management including the organization, functions, edu- 


cation, and safety of plant personnel, as for example: 


(a) Statistics on organization at various plants, including the 
function and duties of different groups within the organization 
with data on relative wage scales for various classes of labor. 
Note: The matter of wages may be treated on a relative basis 
without using the actual figures. 

(b) Study of the effect of plant design on plant organization 
and relative wage scales for various classes of labor with reasons 
for same. 

(c) Methods of educating and training personnel. 

(d@) Premium systems, etc., for employees. 

(e) Safety First organization and methods, 

(f) First Aid organization and methods. 


12. Oil and Gas Power—To include all reports relating 
to the design, performance, and operation of oil and gas 
engines with particular reference to their relation to steam 
power plants on the Pacific Coast, as for example: 


(a), (b), (ce), and (dad) of Classification No. 2. 

(e) Relative cost of Diesel and steam power plant installations 
on the Pacific Coast. 

(f) Relative cost of operating Diesel and steam 
on the Pacific Coast. 

(g) Combined Diesel 
peak loads. 

(h) Items (a) to 
generator that might 
generator. 


power plants 


and steam power plants for handling 


(9g) for any other type of oil or gas engine- 
become a competitor of the steam turbine- 


Note: The above classification of subcommittees was 
approved by the prime movers committee at the Los Angeles 
meeting held on Jan. 17, 1930, with the exception of “Oil 
and Gas Power” which was not included in the list at that 
time. This subject was suggested by some of the members 
at a later date and it was felt that it might be well to 
include it in the classification in view of the outside com- 
petition along this line, although it is somewhat proble- 
matical whether the prime movers committee would ever 
feel called upon to investigate this field. 


SUGGESTIONS FOR WRITING REPORTS 


(a) Manuscripts submitted for publication should be 
typewritten with double spacing and conform in every way 
with the rules published by ELECTRICAL WEST under the 
heading of “Manuscript Preparation.” Copies of the latter 
may be obtained either through the chairman of the prime 
movers committee or directly from ELECTRICAL WEST. 

(b) All subcommittee reports submitted for publication 
in ELECTRICAL WEST should include a table of contents in 
order to furnish a basis for the preparation of the tabu- 
lated outline of subject matter to be compiled by the sub- 
committee on review. An idea as to what is required in 
this way may be had by referring to the tabulation appear- 
ing as part of the introduction to this year’s prime mover 
committee reports. 

(c) To aid in maintaining uniformity from year to year, 
subcommittee reports should be arranged for publication in 
the same serial order as given in the permanent classifica- 
tion of subcommittees. 


(d) Under the present plan of procedure all Pacific 
Coast Electrical Association reports must be in the hands 
of the editors of ELECTRICAL WEST by March 15 each year. 
In view of this, all reports for publication should be in the 
hands of the subcommittee on review not later than Feb- 
ruary 15 in order to allow this subcommittee time to carry 
out its editorial duties in connection with these reports. 

(e) The length of reports can sometimes be considerably 
reduced by avoiding the quotation of lengthy statements 
from different sources. It is usually more desirable to com- 


bine and condense the various statements into one compre- 
hensive report. 
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(f) Detailed 
should be avoided when possible, or in any case such tabula- 
tions should not be included without an attempt to draw 
some conclusion as to the trend indicated by the replies. 


tabulations of replies to questionnaires 


(g) It is believed that much benefit will be derived if 
subcommittees will more frequently undertake to submit 
recommendations as to the best practice to meet certain 
specific conditions, in addition to presenting statistics as 
to what the practice is in individual plants. 


SUGGESTIONS REGARDING CONDUCT OF TECHNICAL SESSIONS 


(a) The subcommittee on review believes that the suc- 
cess of the three technical sessions held during the year de- 
pends largely upon establishing an approximate balance be- 
tween the formal and informal parts of the program. 

In the past there have been frequent occasions when a 
written report was read which was of such a nature that 
a great deal of it could not be properly digested by listening 
to a reading of it. That part of a report containing refer- 
ences to formulas, diagrams, etc., is not suitable for reading 
and it is recommended that subcommittee chairmen be spe- 
cifically instructed to omit the reading of anything that, 
due to its involved nature, cannot readily be grasped by an 
audience. 

(b) In line with the thoughts expressed in item (a), it 
is believed that in most cases it is more desirable for sub- 
committee chairmen to present either an informal resume 
of the report or to read a prepared abstract. In this way 
a saving in time will be effected and the presentation at 
the meeting will be more understandable than if there were 
included a number of involved details only suitable for pub- 
lication in written form. 

It is also felt that a definite limit should be set on the 
time consumed for the reading of prepared reports. While 
it might be desirable for the prime movers committee chair- 
man to vary this limit as the occasion demands, it is felt 
that perhaps twenty minutes should be the maximum time 
allowed. Subcommittee chairmen should be notified in ad- 
vance as to how much time will be allotted to them for the 
reading of their reports. 

By limiting the formal reading of reports in this way it 
is felt that there will be more time available for informal 
discussion and that it will be easier to draw forth the dis- 
cussion if the reports are abstracted and presented in an 
informal manner as suggested. 

It is the opinion of this committee that every possible 
means should be used to encourage informal discussion of 
subjects of a controversial nature. 

(c) Advance copies of all reports to be read at a com- 
ing meeting should be sent to the prime movers committee 
chairman at least one week previous to the meeting so that 
he may be enabled to plan the program more effectively. 

(d) Due to the fact that all reports must be in the hands 
of the subcommittee on review by February 15 each year, 
the April meeting, usually held in Fresno, is very suitable 
for discussing the program for the coming year and the 
subcommittee on review should submit a report (as outlined 
under item “E” of the duties of this subcommittee—see 
above) of recommendations as to the most timely subjects 
for study during the coming year. This should be thor- 
oughly discussed at the April meeting and an agreement 
reached on the program to be undertaken. 

(e) It is further recommended that at the April meeting 
the new subcommittees should be organized to the extent of 
appointing the chairman so that the work can be started 
without delay. These appointments would be subject to the 
approval of the incoming chairman of the prime movers com- 
mittee who is not appointed until the June convention; but 
inasmuch as the man appointed is usually the vice-chairman 
of the previous year, this plan should work out very 
smoothly and efficiently. The several months of inactivity 
that have usually existed in the past between April and 
September would also be avoided. 
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Turbo-Generators and Auxiliaries* 


This subcommittee has confined its activities this year 
to a brief description of the new turbine room equip- 
ment at the Pacific Gas and Electric Company's Station 
A, San Francisco, including a heat balance diagram and 
a drawing showing the general arrangement of the two 
turbo-generators, condensers, and jet pumps. 


TURBINE ROOM EQUIPMENT AT STATION A, SAN FRANCISCO—- 


PAcIFIC GAS AND ELECTRIC COMPANY 


HE installation under construction consists of two 50,000- 

kw. vertical compound turbo-generating sets. The steam 
conditions are 1,250 lb. gage, 750 deg. F. at the throttle, and 
each set consists of a 12,000-kw., 1,250-lb., 3,600-r.p.m. high 
pressure unit mounted on the generator of the 38,000-kw., 
1,800-r.p.m. low pressure unit. Each set will have a maxi- 
mum capacity of 62,500 kw. at unity power factor. 

The steam is reheated between high and low pressure tur- 
bines, first, in a live steam reheater, and, second, in a con- 
vection reheater incorporated in the boiler unit. There is a 
common 1,250-lb. steam header, but each set has its own live 
steam and convection reheaters. There are no cross connec- 
lions on the reheat stem lines. All of the steam for each low 
pressure turbine is reheated in a single boiler unit. The live 
steam reheaters take 1,350 lb. saturated steam directly from 
che drums, are mounted above, and the condensate drains by 
gravity back to the drums, the operation being entirely self- 
regulating. 

For normal operation the set is governed only by the high 
pressure turbine governor, but the high pressure turbine 
may be cut out and the low pressure turbine operated by 
cutting in a governor which controls a throttle valve sup- 
plied from the 1,250-lb. line. This throttle valve in combina- 
tion with an orifice reduces the pressure to that required by 
the turbine. At maximum output of 52,000 kw. on the low 
pressure turbine, the pressure is reduced from 1,250 lb. to 
approximately 500 Ib. 

When the low pressure turbine is operated alone, the steam 
is desuperheated by the No. 1 heater before passing to the 
convection reheater in order to avoid excessive steam tem- 
perature to the low pressure turbine. The live steam reheater 
is cut out. 

The condensers are each 34,000 sq.ft., two pass, and will 
maintain a vacuum of 28.75 in. mercury when supplied with 
36,000 g.p.m. of salt water at 60 deg. F. 

The water boxes are divided and the tubes are expanded 
into both tube sheets, the tubes being bowed to take care of 
expansion. The condensate pumps are driven by 60-hp. slip- 
ring motors and the speed is automatically controlled by 
floats connected to the condenser hotwells. 

The general arrangement of the equipment is shown by 
the heat balance diagram given in Fig. 2. 

The primary boiler feed pumps take water from the de- 
aerating heaters, and pump through the high pressure 
heaters at 600-lb. pressure to the secondary pumps which 
boost the pressure to 1,625 lb. 

The primary pumps are driven by 600-hp., 1,750-r.p.m., 
2,300-volt, squirrel cage motors, which will be started by 
throwing across the line. The secondary pumps will be 
driven each by two turbines, each rated at 1,250 hp., one 
turbine taking steam from the exhaust of the high pressure 
turbine, and exhausting to the No. 2 heater, and the other 
taking steam from a 325-lb. line and exhausting to the main 


* Report of subcommittee on turbo-generators and auxiliaries, prime 
movers committee, Engineering Section. R. C. Powell, chairman 
Cc. H, Brunner, Boyd Henderson, R. A. Hopkins, R. F. Monges, F. 
H. Searight, E. E. Valk. 
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Fig. 2. 


condenser. The 225-lb. line is supplied from two 900-hp., 
350-lb. boilers and reducing valves from the 1,250-lb. lines. 
The spare secondary pump will be driven by a single con- 
densing turbine. 


Each turbine will be equipped with a recording speed indi- 
cator, bearing, generator, steam and exhaust casing ther- 
mometers, and the usual pressure and vacuum gages, control 
signal system, etc. 


Instruments, Automatic Control and 
Plant Records* 


This report contains descriptive data and operating 
experiences with certain types of automatic control 
equipment in use on the Pacific Coast, as follows: (1) 
Automatic combustion control equipment, (2) A system 


of remote control of gas pressure regulators and (3) 
Feedwater regulation. 


AUTOMATIC COMBUSTION CONTROL 
Essential Requirements— 
N AUTOMATIC combustion control system may utilize 


compressed air, oil pressure or electricity as the operat- 
ing medium, the master control regulating the dampers, 





* Report of subcommittee on instruments, automatic control and 
plant records, prime movers committee, Engineering Section. R. A. 
Wallingford, chairman. H. C. Bennett, M. R. DeLisle, M, E, Mul- 
key, J. M. Renfrew, H. T. Shirley. 
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Heat balance diagram for 50,000-kw. turbine, Station A, San Francisco, Pacific Gas ard Electric Company. 


forced and induced draft fans and fuel feed by pilot valves 
or switches so as to insure proper combustion conditions at 
all loads. The system must be designed to adjust fuel and 
air so that they will take care of characteristics of equipment 
at various settings, and correct for changes in quality and 
condition of fuel, atmospheric conditions and condition of the 
fire and boiler setting. It must maintain steam 
under all load conditions. 

Safety features are an important part of any control 
equipment. They should include limits which will prevent 
overtravel of rheostats, drum controllers, dampers, valves 
or other mechanisms being controlled. They should also pro- 
tect against runaway conditions in case of failure of the 
power supply. It should be impossible, for instance, to 
change the air supply to the minimum or the fuel supply to 
the maximum without a corresponding change in the other 
controlled items. Other desirable safety features include 
interlocks between the fuel and air supply to prevent further 
increase in fuel after the maximum air delivery position has 
been reached, or further decrease in air supply after the 
minimum fuel delivery has been attained. Provision should 
be made for manual control for use during starting periods 
and at such times as the control may be out of service for 
repairs. 


pressure 


It has been the attempt of this subcommittee to get as wide 
an expression of experience and opinion regarding automatic 
control from operating companies as possible. However, 
some of the systems in use on the Pacific Coast have not been 
in operation long enough to acquaint the operators with all 
their characteristics. For example, the automatic features 
of the equipment for the two 3,500-boiler horsepower cross- 
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drum boilers at Station C, Oakland, have not yet been tried 
out due to various causes not related to the equipment itself. 
A description of this apparatus will therefore be reserved 
until such time as it has been thoroughly tried out and data 


regarding its performance is available. The Great Western 
Power Company has recently installed at its San Francisco 
plant a very complete system of automatic control designed 
especially for stand-by service, but this company is not yet 
ready to make a report. 

The equipment in use at the Long Beach plant of the 
Southern California Edison Company has been in operation 
for a considerable length of time and data of interest is 
reported herewith. 


Installation at Long Beach Plant No. 3, Unit No. 10— 


During 1928 and 1929 a system of automatic combustion 
control was installed on three 3,416-boiler horsepower cross- 
drum boilers for unit No. 10 of the Long Beach steam plant, 
Southern California Edison Company. 

These boilers are equipped with combined gas and oil 
burners, the fuel controls working on the gas and oil valves 
simultaneously. The movement of the control serves to 
open the gas valve and close the return oil valve, or to close 
the gas valve and open the oil return, thereby accomplishing 
the same end regardless of fuel used. 

Fuel is controlled through chronometer valves selected for 
their satisfactory opening and flow characteristics. 

Forced and induced draft fans are driven by a.c. brush 
shifting motors. Speed control is accomplished by brush 
movement transmitted from control drive by chain and 
sprockets. That for the two forced draft fans is operated as 
a unit through connecting shafting. The induced draft fan, 
of course, has its individual control. 

This automatic control consists of mechanisms or drives 
controlling the fuel and air to each boiler. 
powered by fractional horsepower a.c. motors 
tinuously in one direction. Backward and forward or “more” 
and “less” is produced by solenoid operated clutches. All 
solenoids use 125-volt d.c. 

Drives are installed for fuel valves, forced draft dampers 
and brush shift, and induced draft dampers and brush shift. 
Travel limits are provided in forced and induced draft fan 
drives to prevent over-travel.  Interlocks are arranged so 
that the fans cannot be energized for starting with control in 
any other than starting position. Quick 


Drives are 
operating con- 


return clutches 


Remain open . 


-— FArillar, valve 
yipeetl on 
Shovkd regedat. 


2 


ung "Cie. 
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Fig. 1. Diagram of layout of gas regulating valves at Alameda Street Station, 
showing system of remote control. 
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which operate separate high-speed gears return the fans to 
starting position when the breakers to fan motors are opened. 
Interlocks are arranged between fan and fuel drives so 
that when maximum position of induced draft fan is reached 
no further increase of fuel can take place. The forced draft 
fans are interlocked with induced draft fans so that forced 
draft fan cannot be started unless the induced draft fan is 
running. Forced draft fans are interlocked with cold air 
doors so that the forced draft fan cannot be operated with 
the cold air doors open. Fuel shut-off valves are interlocked 
with induced draft fans so that failure of fan voltage will 
cause the fuel to be shut off after a definite time, as set by 
hesitating type under-voltage relay. P. Q. type relays are 
installed in series with the under-voltage relay so that in 
case of restoration of voltage before time set, fuel valve will 
open again. 

Fuel drives are provided with limits to prevent over-travel. 
Also an electrical travel limit to prevent closing fuel drive 
below the minimum safe operating fuel pressure. Interlocks 
also are provided so that when the safe minimum operating 
position is reached, no further reduction in forced or induced 
draft can take place. 

Boiler can be operated by manual or automatic control 
through a drum switch located in the center of the boiler 
room. Automatic control by steam pressure is by contacts 
or impulses from the master contactor. Manual control is 
by push button. 

Readjustments on fans for air flow steam flow ratio and 
furnace draft pressure are made by small contactors located 
in the individual boiler meters. These contactors are con- 
trolled by a set of interrupters. Readjustment contacts are 
made approximately ten times per minute for furnace draft, 
and six times per minute for the air flow-steam flow relation. 
The furnace draft contactor operates on the forced draft 
fan, whereas the steam flow-air flow relation contactor works 
on the induced draft fan. 

Since installation some changes seemed necessary. These 
included the following: The speed of drives was increased 
100 per cent. Chain sprockets were re-designed to give more 
action on the brush shifts and fuel valves. Drive springs 
were changed to Bendix type. Differential relays to boilers 
were changed to heavy duty type. The cams on the inter- 
ruptors were changed to a very sharp top to prevent burning 
contact tips and also to get shorter readjustment impulses. 
Gas pressure compensator bells were re-designed for a higher 
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pressure due to changes in gas pressure. 
were changed to auxiliary spring finger type. 
When installed the control drive on the induced draft fan 
on one of the boilers was set and adjusted, but due to our 
own inexperience a small amount of over-travel was allowed 
with the quick return clutches, causing a see-saw action when 


Drum switches 


these would operate. This caused the travel limit shaft 
gear pin to shear, which in turn allowed the fan brush shift 
to become disengaged on the starting position and to shear 
the keys in the damper shafting. This occurred three times 
before the apparent riddle was solved. Due to the loosening 
up of the shafting, brush shift, dampers, etc., the inertia 
of the drive was carrying the travel limit shaft past the 
neutral point, or 5.5 on the position indicator, and causing the 
“below” and “above” quick return clutches to fight each 
other. This was overcome by increasing the lap of the travel 
cams. Since this adjustment was made no further trouble 
has been experienced. 

Relays as furnished gave so much trouble due to the inter- 
locking contacts breaking that they were replaced by heavy 
duty type with mechanical interlocks. We have had -no 
trouble with the latter. 

Drive springs as furnished broke quite frequently and were 
replaced by Bendix type drive springs with no further break- 
age up to the present time. 

Since installation, our automatic combustion control has 
been in service 24 hours each day except when changes were 
being made. 

Boilers for unit No. 11 are being equipped with the same 
type of automatic control and will be in service in the near 
future. Satisfactory results have been obtained with this 
control in every reSpect. 


REMOTE CONTROL OF GAS PRESSURE REGULATORS 


At the Alameda St. station of the Los Angeles Gas and 
Electric Corporation an interesting system of remote control 
of gas pressure regulators has recently been installed. The 
arrangement is clearly shown in the accompanying diagram 
and was designed for the purpose of providing an accurate 
means of control for a wide range of loads. 


FEED WATER CONTROL 


The data which follow include a statement of the operating 
experiences with various types of feedwater regulators at 
Long Beach plant No. 3 and Station C, Oakland. 

Statement by the Southern California Edison Company— 

At Long Beach steam plant No. 3, pressure in excess of 
boiler pressure is maintained on the boiler feed pump dis- 
charge by an excess pressure regulator controlling the speed 
of the motor drives. As installed, this is an arrangement 
of combined manual and automatic control. The manual con- 
trol conststs of a hand operated rheostat of a small number 
of large steps. The automatic then is arranged to control 
the space between the steps of the manual control. A little 
trouble has been experienced due to the automatic control not 
having enough range to cover the space between the steps of 
the manual. The remedy has been to maintain a higher excess 
pressure at the feed pumps than formerly considered neces- 
sary, and install throttling excess pressure regulators on 
each of the three boilers. 

For the purpose of test the three boilers were equippea 
with three different makes of excess pressure controls in 
combination with water level regulators. 

The original installation on each boiler consisted of a float- 
operated regulator on each end, and no other excess pressure 
control than that mentioned in connection with the feed 
pumps. This was the arrangement that proved highly satis- 
factory on the boilers of plant No. 2. Conditions did not 
turn cut so pleasantly, however, on the larger boilers of 
plant No. 3. 

Trouble developed due to a tendency of the original regu- 
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lator valves to jam closed when the excess pressure was acci- 
dentally or otherwise raised considerably above the normal 
setting. This occasional rise in feed pressure seemed to be 
unavoidable and it was considered imperative to install the 
excess pressure regulators on the individual boilers. The ex- 
cess pressure at which the original water level regulator 
seemed most inclined to give trouble as mentioned above, was 
in the neighborhood of 32 lb., so the attempt was made to 
hold this at 20 lb., but with only partial success. 

The regulator on boiler No. 49 is a balanced valve directly 
connected to a diaphragm control in which the excess pres- 
sure (the differential pressure across the water level regu- 
lator valve) is balanced against an adjustable spring in com- 
pression. The high pressure or excess pressure communi- 
cates with the top of the diaphragm directly through the 
opening for the valve stem. The valve stem does not pass 
through any stuffing box and its movement is practically 
frictionless. Considerable trouble was experienced due to the 
diaphragms of these valves puncturing. The cause of such 
trouble was more or less of a mystery for a time, but acting 
en information from the Los Angeles Gas and Electric Cor- 
poration, we came to the conclusion it was due to too free 
circulation of the hot feed water between the valve and the 
top side of the diaphragm. We installed a washer in the 
valve body leaving a hole only large enough for the valve 
stem to work freely, thus preventing free circulation of hot 
feed water and overheating the rubber diaphragm. (See 
also statement by Pacific Gas and Electric Company below.) 

The regulators as installed on boiler No. 50 were designed 
for a variable excess pressure, varying directly as the square 
of the load on the boiler. This would, of course, mean that. 
the same opening of the water regulator valve would main- 
tain the same water level in the boiler, regardless of loa. 
This should have been accomplished by establishing a balance 
between differential diaphragms working on the air flow 
through the air preheater and the controlled differential or 
excess of the water. In other words, the air flow was to 
be the guide. However, due to the large differential across 
the air preheater it was necessary to make the water differ- 
ential end of the balance arm so long that the small dia- 
phragm used (1.7 sq.in.) could not allow movement enough 
to operate the pilot valve of the regulator sufficiently. We 
tried making straight differential or excess pressure regu- 
lators of these by removing the air head and substituting 
weights. As such the regulators have given us very satis- 
factory service. 

Their action is open to the objection that the hydraulically 
operated valve is slow moving and cannot catch quick pres- 
sure fluctuations until after they have reached the regulator 
valves and the harm, if any, has been done. We had a few 
instances of this sort of trouble and suffered a little damage 
to our water level regulating mechanism dwe to slamming 
shut. In each instance, however, the excess pressure regu- 
lator came into action immediately after and restored a 
normal condition, with but a few seconds’ delay. 


Manufacturers of the water level regulators sent us a 
new type of valve plunger built on a stream-line pattern 
which was considered to be less susceptible to trouble from 
excessive pressure. This was installed on one end of our 
boiler No. 50 in series with one of the excess pressure regu- 
lators. It was tested out by gradually raising the excess 
pressure to determine when, if at all, the excess pressure 
would seriously interfere with its actoin. Nothing happened 
until the excess was raised to 95 lb. At this pressure the 
valve suddenly slammed shut, throwing the whole feed pump 
pressure plus that pressure caused by the water hammer 
against the valve. This threw the excess pressure regulator 
into action. With the excess pressure valve closing, the pres- 
sure against the water level regulator was reduced, and it 
opened, causing the excess pressure valve to open up again, 
which again caused the water level regulator to slam. This 
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cycle of action was repeated quite rapidly, probably some 
eight or ten times before the excess pressure regulator could 
be put under control and things brought to a standstill. In 
the course of the violent action the float and the float arm of 
the water level regulator were damaged and considerable 


water thrown out of the float. It was necessary to jack the 
valve open and put the water to this boiler on hand control. 
The float apparently failed to fill as it should and we tried 
flooding the float chamber to fill it but failed in this. 

When the regulator was opened there was no apparent 
reason found for the float, though damaged, not filling. We 
came to the conclusion that the condensate drip from the 
steam connection to the top of the float chamber was not 
dripping freely into the float funnel, but was running down 
the walls of the chamber. To remedy this we installed a 
bronze nozzle in the top or steam connection to center the 
drip and keep it clear of the chamber wall. We also removed 
insulating covering from the steam pipe in order to increase 
the condensate available. No further trouble has been expe- 
rienced with this particular regulator. As other similar 
regulators were taken out of service for inspection or other 
reasons they have been equipped with the stream-line valve 
plungers and the drip centering nozzles, with quite satisfac- 
tory results. 

The regulators on boiler No. 51, which are of the thermo- 
static type, were apparently installed with too large ports 
in the valve cylinders for smoothest action, though these 
have been changed once for smaller ones. The ports, being 
large, allowed but very small movement of the cylinders of 
either the excess pressure valves or the water level regulator 
valve. This has resulted in excessive wear at the points 
where cylinders and seat rings make contact. This wear was 
all on the down-stream sides of the valves, showing the 
presence of considerable sidewise thrust. 

Comparison of the operation of the two types of feed water 
regulators has, in our experience, greatly favored the open 
float type in many ways. Notable among these are: 


1. We have found that water levels vary with the rate of steam- 
ing, the higher ratings giving us the lower water levels and vice 
versa. This tendency is, in a measure, a protection against priming 
and we know that with high ratings there is always some danger 
from this. The open fioat type of regulator allows a greater varia- 
tion of level with change of boiler load and therefore affords greater 


prote ‘ion from priming. 


also noted a less tendency toward periodical swings 
or hunting on the part of the open float type than with the thermo- 
tat controlled These periodical swings as recorded on 
level recorders to be at approximately twelve minute periods 
have continued unabated for hours at a 
No such 


2. ve have 


regulator. 
watel 


and as extensive as 24 in., 


time and have at times defied all efforts to stop them. 
trouble has been experienced with the float type regulators. 


Statement the Pacific Gas and Electric Company— 


At Statio. © akland, the boiler feed pumps are driven 
by variable spéed induction motors. The speed range is 
from 1,480 r.p.m. to 1,70) r.p.m., and is controlled by a 
speed regulating controller operating with a pressure regu- 
lator. The equipment provides for automatically regulating 
the speed of the slip ring induction motor in such a manner 
that the pressure is maintained constant within certain limits. 
The regulator has a step by step action obtained by means of 
an intermittent driving gear which operates in combination 
stepped-out-of-cam. A variation of pressure operates a pilot 
switch energizing either a fast or a slow contactor which 
controls the starting and stopping and direction of rotation 
of a pilot motor. This motor drives, through suitable re- 
ducing mechanism, a drum controller. The drum controller 
regulates the secondary resistance of the pump motor and 
controls its speed. Since putting the plant into operation, 
our load has been so steady that we have not used this auto- 
matic feature at all except to try it out when we first put 
the plant into operation. 
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For controlling the water level in the boiler drums we are 
using a feed water regulating valve in combination with an 
excess pressure valve. We have had no trouble with the 
water level regulating valve, but we have had a great deal 
of trouble with the diaphragms in the excess pressure valve. 
The diaphragm chamber of the valve has one side connected 
to the feed water line on the pump side of the automatic 
feed valve. Every time there was a sudden change in pres- 
sure in the feed line the diaphragm would rupture. The 
trouble was due to too much clearance around the valve stem 
which connects the valve to the diaphragm. We learned from 
the Southern California Edison Company that it had had the 
same trouble and had eliminated it by inserting a bronze 
bushing around the valve stem, greatly reducing the clear- 
ance. We have done the same thing with our valves allowing 
1/32-in. clearance all around. The bushings have been in 
about six weeks now and we have not lost a diaphragm since 
making the change. The bushing is installed in the flange 
which connects the valve body with the diaphragm chamber. 


Operating and Maintenance Practice* 


This report contains data relative to maintenance costs 
and operating experiences with boilers, furnaces, tur- 
bines, condensers, and miscellaneous auxiliaries. Ques- 
tionnaires were sent to member companies and the re- 
plies received have been arranged herewith into a form 
most suitable for future reference. 


FURNACES 


= LINE with the suggestions made at the San Francisco 

meeting last September, this subcommittee has made an 
attempt to obtain, among other things, data pertaining to 
the comparative cost of refractory maintenance of the var- 
ious types of furnace walls. It was found that this infor- 
mation is in most cases not readily available or that it is 
not very reliable because the load factor has varied over a 
very wide range, making the figures for the cost per boiler 
hour run or per boiler horsepower installed of very small 
value. A few figures were received, however, that may be 
of value. Some carefully kept costs were submitted rela- 
tive to the furnace maintenance of boilers burning lamp- 
black as fuel, but the subcommittee on review has omitted 
the publication of them with the idea that they are not of 
general interest to the member companies. 


Long Beach Plant— 


The segregated cost data is not complete enough to give 
definite and extremely accurate information, but for a gen- 
eral comparison the solid wall set-up in plant No. 1 over a 
period of two years cost an average of $0.341 per installed 
boiler horsepower per year. 

Plant No. 2, which is a combination of air-cooled and par- 
tially protected water wall furnace, over a period of five 
years, cost an average of $0.219 per installed boiler horse- 
power for furnace maintenance per year. 

Plant No. 8, which is a completely protected water wall 
furnace, cost, over a period of one year, $0.055 per installed 
boiler horsepower for furnace maintenance. 

The maintenance costs of oil fuel are considerably more 
than gas fuel due to the difference in furnace temperatures 
obtained with the two fuels. Furnace temperatures, using 
gas for fuel, run about 2,700 degrees F. while oil will some- 
times reach 3,100 degrees F. 


* Report of operating and maintenance practice subcommittee of 
prime movers committee, Engineering Section. H. N. Mosher, chair- 
man. E. G. MacDonald, W. N. Munroe, W. H. Short, H. E. Thomp- 
son, D, P. Vail, C. H. Zeise. 
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Seal Beach Station— 


Air cooled walls are used, built of a tongue and groove 
interlocking type of brick. The approximate maintenance 
cost of the furnace of our No. 5 boiler, which furnace has 
just been rebuilt, was $0.40 per operating hour. This: ex- 
pense, however, is not purely due to failure of refractories, 
but includes a considerable amount of repairs, due to me- 
chanical failures of walls which were finally surmounted 
through changes in the supports of the setting. 

We have no data available on comparative maintenance 
cost of gas as against oil, due to the fact that, excepting 
short runs, gas is burned exclusively. 

Some difficulties had been experienced relative to packing 
and maintaining joints between sinuous tube headers and 
brick settings, due to the fact that the relative expansion 
travel of the two are in opposite directions. This condi- 
tion was remedied by freeing the tile interlocking with the 
tube header, providing a sliding surface for it and permit- 
ting the tube header to carry the tile with itself in its 
travel. This may be seen in the accompanying photographs. 


Alameda Street Station— 

Due to the unlike conditions under which the boilers of 
this station and those of Seal Beach are operated, com- 
parative maintenance costs are of no value. In this station 
solid furnace walls are used. Seal Beach station boilers 
are equipped with air cooled furnace walls with cast iron 
ducts. The boilers in this station are operated at a very 
low rating, which averages below 75 per cent and the 
boilers at Seal Beach are operated at ratings which will 
average over 200 per cent. The average furnace mainte- 
nance cost of 890-hp. Stirling boilers in this station, with 
solid walls, is 16 cents per operating hour. 

As this station operates on natural gas over 90 per cent 
of the time, no data is available on the comparative cost of 
furnace maintenance for gas and oil. 


Station A, San Francisco— 


We have no actual figures giving comparative maintenance 
costs of refractories under the conditions mentioned, but the 
following information will probably be of some interest: 

In 1924, two class XIII-32 Stirling boilers were installed 
at this plant. They were set with solid walls and equipped 
with mechanical burners operating on natural draft. The 
average life of the furnace walls was only a few weeks at 
loads of about 200 per cent rating and the maintenance 
costs were prohibitive. At a later date the furnaces were 
completely rebuilt with hollow air ventilated walls, and with 
this change the average maintenance costs were approx-~ 
imately the same as for the old style solid setting when using 
steam atomized oil burners. 

In 1926, water walls of the bare tube type were installed in 
one of the boilers for trial purposes. This resulted in a 
marked reduction in furnace temperatures and prolonged 
the life of the brickwork somewhat at heavy loads, although 
as much and possibly more trouble was experienced due to 
spalling when operating under standby conditions. 


References to Data Previously Published in P.C.E.A. Proceedings— 


Furnace Maintenance With Water Walls and Air Preheaters— 


1927 Proceedings, pp. 249-250, 253-4; 1929 Proceedings, pp. 121 
and 125. 

Effect of Gas and Oil Firing on Furnace Maintenance—1928 Pro- 
ceedings, pp. 262 and 277 (bottom). 


Om BURNERS 


The Los Angeles Gas and Electric Corporation has re- 
cently made an interesting change in the design of the oil 
burner connections at its Seal Beach plant. In order to 
get away from flexible metallic tubing, with its undesirable 
features, including cost, the change in burner couplings 
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shown in the accompanying photograph has been made. 
Copper tubing supplants the flexible. That section of the 
coupling to which the tubing connects, is mounted stationary 
to the boiler front; it had been found that after the 
proper location of the oil burners within the furnace once 
had been established, flexibility was no longer needed. 

The section of the burner which carries the diffuser and 
burner was supplied with a handle to facilitate manipula- 
tion. The new arrangement also makes for greater speed 
and safety and incidentally improves the appearance of the 
boiler fronts. 
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Fig. 1. Combination gas and oil burners with rigid copper tubing 
in place of flexible, Seal Beach Station, Los Angeles Gas and Elec- 
tric Corporation. 


GEAR TYPE FUEL OIL PUMPS 
Station C, Oakland— 


Our geared fuel oil pumps are of two types. The pumps 
which supply the oil to the burners are the worm geared 


type. The return oil pumps are the herringbone geared 
type. Our supply oil pumps gave us a little trouble when 


first put into service, but with a few minor changes oper- 
ated satisfactorily, and since then have given no trouble 
whatever. Our return oil pumps have been a mechanical 
failure. However, the manufacturer is making a new de- 
sign which will be installed and tried out in the near fu- 
ture. The operating conditions on the return oil pumps is 
quite severe, due to the hot oil and sudden and large pres- 
sure changes on the suction and discharge ends of the 
pumps. 
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No trouble was reported by any other member company 
with the geared type of fuel oil pump. 


BoILeER FEED PUMP 
Seal Beach Station— 


Our boiler feed pumps are designed to deliver 1,000 g.p.m. 
against a total head of 450 lb. per sq. in., speed 1,750 r.p.m. 
Originally these pumps came equipped with bronze shaft 
sleeves. Our packing and sleeve problems caused us con- 
siderable apprehension. We then replaced the bronze sleeves 
with others made of chrome nickel steel and changed from 
metallic to wire inserted asbestos packing. 





Fig. 2. Boiler No. 6 before making changes to joints between tube 
headers and brick setting, Seal Beach Station, Los Angeles Gas 
and Electric Corporation. 


Over a period of 20 weeks after the change, our packing 
cost for these pumps had shrunk to $8.60 as against $360 
for a like period previous to the change. Our total packing 
expenditure for these pumps during 1929 was $27.96. 


Alameda Street Station— 


The average cost of maintenance of boiler feed pumps in 
this station is now about 32.4 cents per 1,000,000 lb. of water 
pumped. As installed, the pumps gave considerable trouble. 
These pumps are of centrifugal type and leakage of air be- 
tween the shaft and the packing sleeve caused the pumps 
to become air bound. 

The sleeves were removed and the ends next to the im- 
peller countersunk. A gasket was inserted and the sleeve 
was forced against the impeller with the gasket as a take-up. 
This eliminated all trouble due to air leakage. Stainless 
steel sleeves are now used as they have a much longer life 
than bronze, due to their resistance to corrosion when a 
pump is idle and, when operating, the packing does not 
cause grooving, if properly taken up. 


Station C, Oakland— 


In the 200-lb. and 250-lb. steam pressure plant we have 
two four-stage centrifugal boiler feed pumps, 700 g.p.m., 
2,000 r.p.m., 325-lb. head, direct connected to steam tur- 
bines. 

These pumps were put in operation in March, 1921, and 
have been in operation almost continually ever since. The 
top half of the casing was removed several times for inspec- 
tion, but no repairs were found necessary until January, 
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1930, when one of the pumps was taken out of service for 
a general overhauling. The bronze sleeves and bushings 
were worn. These were renewed with Delhi rustless steel. 
The bronze impeller rings and casing rings were worn very 
little, not sufficiently to warrant renewing. Semi-metallic 
packing is used in these pumps with splendid results. 


On the 450-lb. pressure system there are two 6-stage, 
1,200-g.p.m. 570-Ib. head, 1,750-r.p.m. turbine type horizontal 
split, iron case, boiler feed pumps of special design for high 
temperatures, having bronze impellers, wearing rings, dif- 
fusion vanes and shaft sleeves. Each pump is provided 
with internal hydraulic balancing device and Kingsbury 
thrust bearing, mounted on outboard bearing bracket. Pumps 
are direct-connected to G.E., 540-volt, variable speed, 600-hp. 
induction motors. 


Trouble was experienced on two different occasions due 
to the turbine load dropping off and coming on again within 
a few minutes. This caused the water in the boilers to drop 





Fig.3. Boiler No. 4 after making changes to joints between tube 
headers and brick setting, Seal Beach Station, Los Angeles Gas 
and Electric Corporation. 


when the load went off, which in turn caused the feed water 
regulators to open and raised the water level in the boilers 
to such a point that, when the load came back on the system, 
the further natural raise in water level, due to the load 
coming back, caused the feedwater valve to close, thus shut- 
ting off all feedwater going into the boilers. The lack of 
circulation of feedwater through the extraction heaters 
caused the water trapped in them to reach such a temper- 
ature that it ceased to condense the extraction steam from 
the turbine. This blew down through the drip pumps into 
the feedwater pump suction which caused the feedwater 
pump to overheat, with the result that the bronze impeller 
rings and casing rings fused together, shutting down the 
pump. 

The other pump was started up and carried the load until 
repairs were made. Packing trouble was experienced at the 
start, caused from the junk ring not fitting the shaft prop- 
erly; also throat of stuffing box was larger than necessary. 
This allowed the semi-metallic packing to squeeze in between 
the junk ring and shaft, causing overheating. This was 
remedied by bushing the throat of stuffing box and renewing 
junk ring. Since then we have had no trouble with the 
semi-metallic packing. 
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FEED WATER REGULATORS 


Long Beach Plant— 


The maintenance cost of feed water regulators has been 
negligible, but we have experienced some difficulty with the 
original valve port design. The trouble in plant No. 2 was 
remedied by using a rectangular instead of a “V” port. In 
Plant No. 3, differential pressure regulators were installed 


and the original feed water regulator plunger changed to 
the stream line type. 


Alameda Street Station— 


This plant is not equipped with individual boiler feed 
water regulators throughout. Two boilers are so equipped, 
but no cost figures are available. Both of these regulators 
functioned and are dependable. 

Feed water pressure regulation is obtained by using dif- 
ferential pressure regulators on the turbine driven pumps. 
As all of the boiler feed pumps are turbine driven, this 


method of regulation of feed water has proven very satis- 
factory. 


Station C, Oakland— 


Considerable trouble has been experienced with the dif- 
ferential pressure feed water regulator diaphragm, due to 
high temperatures. We succeeded, through the experience 
of others, in overcoming this trouble by reducing the clear- 
ance around the stem between the body of the valve and the 
diaphragm. This subject is treated in some detail by the 
subcommittee on -instruments, automatic control and plant 
records. 

SAFETY VALVES 
Long Beach Plant— 


Some difficulty was experienced with the saturated steam 
safety valves on plant No. 3 boilers, due principally to the 
design. The normal operating pressure is within four to 
six lb. of the maximum pressure set for the boilers, this 
condition causing the necessary blow-back ratio to be in 
excess of the steam drop desired. Also, having small mar- 
gin between operating and popping pressure causes the valve 
to feather and has a tendency to cut or wire-draw the seat. 
Experiments are being conducted to determine a remedy. 


Alameda Street Station— 


The safety valves on the boilers have caused but little 
trouble. These valves are overhauled about twice a year, 
when the boilers come off the line for repairs and inspection. 


Station C, Oakland— 


We have had no trouble worth mentioning from the safety 
valves, but have experienced considerable trouble with the 
power control valve, due to the particular design of seat 
which screws into the body of the valve. The jarring due 
to the opening and closing of the valve under pressure 
caused the valve to leak between the seat and the body of 
the valve. This is being taken care of by the manufacturer, 
by redesigning the seat. 


ECON OMIZERS 
Long Beach Plant— 
The economizer tube failures have been mostly in the 
rolled joints at the tube sheet, due, it is thought, to the 


strain of fluctuations of temperatures during the stand-by 
and load regulation service. 


SUPERHEATER TUBE FAILURES 
Long Beach Plant— 


Shortly after putting the eight boilers of units Nos. 1 and 
8 into operation in plant No. 2, they experienced considerable 
difficulty with superheater tube failures, due principally to 
poor steam distribution. This condition was remedied by 
installation of distribution nozzles. 
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Station A, San Francisco— 


Superheater tube failures have been extremely rare. In 
six 686-hp. B&W boilers, the inlet ends of the superheater 
tubes had corroded and pitted considerably at the end of 
20 years and it became necessary to cut off about 2 in. of the 
tube and then re-roll the shortened tube into the super- 


heater cross box. There was no appreciable reduction in 
superheat. 


Station C, Oakland— 


In 1920, six 825-hp. Stirling boilers were installed with 
superheaters equipped with plugs in the superheater tube 
outlets. After a few years service the superheater tubes 
began to corrode from the inside at the entrance to the 
junction box. Upon investigation we found the tapered 
plug did not fit the tube properly, also the square end of the 
plug would not allow all condensation to drain out when 
the boiler was standing idle. We eliminated this trouble 
by making new plugs with less taper and changing the 
square end to a 45 degree chamfer. 


Reference to dats previously published in P.Cc.E.A. Proceedings 
Boiler and Superheater Tubes—1928 Proceedings, pp. 281, 289, 290. 
TURBINES 


Long Beach Plant— 


There are no set limitations for exhaust temperature un- 
der normal operation, but a minimum of 85 deg. F. shell 
temperature is set during stand-by minimum load operation 
of units 7, 8, and 9. 

The maintenance work on the main units has been prin- 
cipally thrust bearing trouble, high pressure seals and dam-_ 
aged buckets on units 7, 8, and 9. There has been one in- 
stance of blade coating, caused by the steam carrying over 
chemicals used in feed water treatment in unit No. 10. 


Seal Beach Station— 


The main units are disassembled about once every 16 
months for general inspection and overhauling. The May 
15, 1929 number of ELECTRICAL WEST, pg. 447, carries a 
description of the spindle turning device of our No. 1 tur- 
bine. We have since installed a 70-g.p.m. rotary pump, 
operated by a three-hp. vertical motor which supplies oil to 
turbine bearing only in connection with the above mentioned 
device, eliminating the need of running the less efficient tur- 
bine-driven auxiliary oil pump, with which it is, however, 
interconnected in such a way as to start it, should the motor 
fail. 


Station C, Oakland— 


At full load and proper vacuum, the exhaust casing tem- 
perature is 90 deg. F. to 95 deg. F. Any increase in tem- 
perature requires an investigation to determine the cause. 
In hot weather, during periods of low tide, the exhaust tem- 
perature will run around 105 deg. F., with all other condi- 
tions normal. 

When starting the turbine, if properly done, the exhaust 
temperature will not exceed 150 deg. F. If the temperature 
exceeds 150 deg. F. when starting, it is pretty safe to as- 
sume that the vacuum is not up to the proper point. 


CONDENSERS 
Long Beach Plant— 


With the divided water box type, about 40 per cent of the 
load is usually carried when one-half of condenser is cut 
out. More load could be carried, but that amount seems to 
be the best for tolerable working conditions within the side 
of the condenser that is cut out. 

The approximate location of a leak is found by draining 
the condenser to obtain a zero record on the salinometer, 
then the water level is gradually raised until the instrument 
shows salt content. Then the candle system is used to get 
the exact location. 


449 





Seal Beach Station— 


Wheeler 40,000-sq. ft. divided water box type. Excepting 
such times when tube repair compels us, condensers are not 
operated in part. 

To locate leaky tubes, the circulating water level within 
one-half of the condenser is slowly raised or lowered until 
the concentration meter on the hot well registers or ceases 
to register leakage. This process will fix the leak within 
two or three rows of tubes. Candling will then locate it 
definitely in short order. 


Alameda Street Station— 


Leaky condenser tubes are located by filling the steam 


space with water and opening the water space to locate the 
leak. 


Station A, San Francisco— 


We find the candle flame method of locating leaks satisfac- 
tory for the conditions at this plant. 

We endeavor to keep our condensers tight, but if any small 
leaks show up we inject sawdust into the circulating water. 
This usually remedies the trouble until we are able to take 
the condenser out of service. 


Station C, Oakland— 


The method we use in locating leaking condenser tubes 
depends upon the size of the leak and how difficult to locate. 
The ordinary leak we locate by the candle method. A very 
stubborn leak we can some times locate by using smoke. 
This method is not always satisfactory. 

When a leak is first discovered, provided it is not too large, 
we stop it temporarily by using sawdust. This generally 
holds good until such time as we can get at the leak to 
make repairs. 

With one side of water box cut out, we carry from 40 per 
cent to 50 per cent of load; it depends somewhat on con- 
ditions, such as temperature of circulating water, which 
varies from 50 deg. F. to 72 deg. F., depending on the time 
of the year. The drop in vacuum is from 0.4 to 0.6 of 
an inch. 


NoTtE: For additional data of interest on this subject see 1929 
Proceedings, Part III, pp. 67 and 68. 


-EVAPORATORS, EXTRACTION HEATERS, DRAINERS, ETC. 
Seal Beach Station— 


The “Reverse Current Valves” of the 55-lb. and 100-Ib. 
“bleeder heaters” upon a recent examination disclosed rapid 
disintegration due to oxidation of the poppets which were 
made of duralumin, indicating that this material is entirely 
unsuitable for that class of service. 


Station C, Oakland— 

Our evaporators have been in service since October, 1928. 
To date we have had no operating troubles or maintenance 
expense of these units. We do, however, have one undesir- 
able condition to contend with: The extraction steam for 
operation of the evaporators is taken from the 5th stage of 
the turbine and when the load on the turbine drops below 
30,000 kw. there is not enough pressure in the 5th stage to 
operate the evaporators with extraction steam, and in that 
case we have to use live steam. The live steam is taken 
from boilers which are separate from the high pressure 
system, and in this way impurities are carried over into 
the evaporators and into the distilled water system, when 
using live steam. This has not been serious so far, but it 
might be if the practice were continued. We expect to 
change this soon. 

Our extraction heaters went into service in October, 1928. 
The only trouble we have experienced with the heaters has 
been two tube leaks in the high pressure heater. The first 
occurred in November, 1929, and the in Feb- 
ruary, 1930. 


second 
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We have had considerable trouble with the drainers on 
No. 1 and No. 2 heaters. We have had the float arms break 
off, the valve get loose from the valve stem, and the drainer 
mechanism stick and fail to operate. We have increased 
the clearances as much as possible and have greatly reduced 
the trouble, but have decided to remove the original drainers 
and install another design. Considerable damage could re- 
sult from the drainers sticking when there is considerable 
load on the turbine, allowing high pressure steam to enter 
parts of the system that were not designed for high pressure. 


Heat Balance, Design and Plant 
Betterment* 


In this report diagrams are shown illustrating the 
various steam cycles with theoretical efficiencies calcu- 
lated for the usual operating conditions, including a 
study of the gains on the Rankine cycle for pressures 
between 200 and 3,200 lb. 

By assuming the usual turbine and boiler efficiencies 
these results are expressed as probable plant efficiencies 
for the various cycles. 

A method of reporting plant efficiencies is given, to- 
gether with representative results and a comparison of 
the actual with the theoretical efficiency for the cycles 
and the conditions given. 

The heat balance diagram presented and discussed, 
shows the distribution and magnitude of the heat flow 
for a modern station operating on the regenerative cycle. 
Results are calculated on a basis of heat input, and heat 
lost, heat recovered and heat converted to power are 
analyzed. 


IDEAL STEAM CYCLES 
FOR the past three years this subcommittee’s reports have 
covered theoretical and actual heat balance arrangements 
for turbines operating on the regenerative cycle at pressures 
between 350 and 450 lb. gage. 

For this year’s work it has been suggested that the investi- 
gation be extended to cover the heat balance and efficiencies 
expected and obtained from the entire plants, including some 
of the reasons therefor, and possibly extending the study to 
some of the results to be expected with the higher pressures 
and temperatures just now coming into use. 

Actual performance figures do not provide a fair basis 
of comparison of plant economies unless the possibilities of 
the particular system or cycle used are considered. It would 
manifestly not be right to attempt to compare a plant oper- 
ating on saturated steam at 100 lb. pressure with atmos- 
pheric exhaust where 100 kw.-hr. per bbl. would probably be 
impossible with the 1,200-lb. reheat regenerative systems 
under consideration today which can easily produce as high 
as 550 net kw.-hr. per bbl. of oil. 


Also it should be recognized that while a given plant may 
be capable of certain performance figures when operating at 
the point of maximum efficiency under steady load, any other 
load will be secured at a reduced efficiency and actual oper- 
ating results will necessarily fall below the best tested or 
calculated results, depending on the nature of the load and 
the load factor. 


When discussing plant economy it should not be forgotten 
that it is not steam consumption which determines the effi- 


* Report of heat balance, design and plant betterment subcommittee, 
prime movers committee, Engineering Section. L. J. Kraps, chair- 
man. L. A. Hicks, V. E. Johnson, R, F, Leefeld, J. S. Moulton, C. 
E. Steinbeck, C. W. Wiggins. 
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ciency of a plant, as is often erroneously assumed, but fuel 
consumption and economical operation depends on the steam 
cycle used, the pressure and temperature employed and the 
amount of heat recovery equipment installed in the boiler 
room; and also to some extent upon the fuel used, since 
fuels, such as natural gas, which are high in hydrogen, un- 
avoidably result in higher stack losses for a given exit gas 
temperature. 

The theoretical gain to be secured by the use of various 
steam cycles has been thoroughly discussed by Hirshfeld, 
Ellenwood and others, but a brief description of the various 
steam cycles is included at this point to review some of the 
work which has been presented from time to time in other 
sources. 

These results are usually presented in the form of the 
temperature entropy diagrams shown in Fig. 1 and Fig. 2, 
the simplest being the straight Rankine cycle without super- 
heat, as shown in diagrams 1 to 4, inclusive (Fig. 1), for 
various pressures up to the critical pressure of 3,200 lb. 

In these sketches condensate at 80 deg. F. at A, corre- 
sponding to % Ib. per sq.in. absolute pressure, is heated up to 
the saturated temperature corresponding to boiler pressure 
at B, and there evaporated at constant pressure, the dry 
saturated steam at H expanding adiabatically through a 
theoretical turbine to “h” and then condensing along the line 
h A. The total heat absorbed in the process is represented by 
the total area below the feed heating line A B and the evap- 
oration line B H. That is the area a? A B H h h’, the heat 
rejected to the condenser being shown along the line A h, the 
amount being measured by the area A h h’ a’, the area above 
the line A h being theoretically available for work. The 
thermal efficiency of the cycle is theoretically the ratio of the 
heat available for work to the total heat used. In this case 
at 225 lb., the theoretical efficiency would be 32.8 per cent, 
36.1 per cent at 500 lb., 40.1 per cent at 1,500 lb.., and 39.6 
per cent at the critical point of 3,200 lb. The thermal effi- 
ciency increases with pressure up to about 1,500 Ib. and then 
drops back until at 3,200 lb. The theoretical gain in this 
cycle is about 6.8 per cent greater than at 225 lb. The actual 
gains by pressure alone are probably considerably lower be- 
cause the fluid friction losses and the wetness of the ex- 
panded steam are greater with the higher initial pressures. 

In these diagrams the percentage of moisture at any point 
is found by drawing a horizontal line through that point 
from the water to the steam line and dividing the right-hand 
portion by the total length. Referring to diagram 4, it is 
seen that when steam is expanded adiabatically from the 
critical point it immediately becomes 50 per cent wet and 
maintains this percentage approximately throughout expan- 
sion. In the actual turbine the moisture would decrease dur- 
ing expansion, but would still be so high as to render this 
system impractical without superheat and reheat. 

Diagram 5 showing the Rankine cycle with superheat, is 
the system with which all are familiar, and has been used in 
the older stations for some time. The efficiency of this sys- 
tem is limited by the upper limit of allowable temperatures 
which is today around 750 deg. F., giving theoretical effi- 
ciencies of around 33 per cent for 200 lb., 37.5 per cent for 
500 lb., and 41.5 per cent for 1,500 Ib. 

The reheat cycle shown in diagram 6 adds appreciably to 
the theoretical economy but the process of reheating compli- 
cates the station piping. 

The cycle shown in diagram 7 (Fig. 2), using isothermal 
expansion of the steam down to the condenser pressure, sup- 
plying heat to the steam while expanding, although probably 
impractical, illustrates the maximum which could be ap- 
proached by using a large number of reheating devices. 


PROBABLE PLANT EFFICIENCIES FOR VARIOUS CYCLES 


Most recent installations have been on the regenerative 
cycle shown in Fig. 8 where some of the steam after doing 
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useful work in the turbine is bled off to heat the feed water, 
the latent heat of only about 80 per cent of the steam being 
rejected to the condenser. Seal Beach, San Diego, Long 
Beach and Station “C” at Oakland are operating on this 
cycle. 

The utilization of higher pressures has caused the adoption 
of the cycle shown in diagram 9 where reheat is combined 
with superheat and the regenerative cycle. This is the sys- 
tem that will be used at the new 1,400-Ib. installation at 
Station “A” of the Pacific Gas and Electric Company, and 
has already been installed in a number of Eastern plants. 

The special case shown in diagram 10 completes the series, 
showing the combination of isothermal superheating with the 
1egenerative system. The probable relative actual plant effi- 
ciencies of the various cycles illustrated have been calculated 
for varying pressures at temperatures of 700 deg. F., and 
1 in. absolute, the values being shown in Fig. 2. 

The installation of reheat equipment adds materially to 
the cost of the moderate pressure plants of 400 to 500 Ib. 
with little increase in their theoretical efficiency, but for 
pressures of 1,200 lb. and over it is required, due to the ex- 
cessive moisture content of the steam in the lower turbine 
stages; the difference in cost between the high pressure 
reheat system and the moderate pressure system without 
reheat is very small while the fuel saving may amount to as 
much as 20 per cent in favor of the high pressure system. 
Due to these factors of cost and economy there will probably 
be few plants built for the intermediate pressures between 
500 and 1,200 Ib., although the upper limits of pressure for 
each class will be raised as the permissible steam tempera- 
tures are increased. 

The boiler plant also has a decided effect on the station 
economy, but its results depend largely upon the expenditures 
justified in heat saving equipment. The economizer has been 
gradually replaced by the air heater for the moderate pres- 
sure regenerative cycle, since feed water heating could be 
done more economically by extracted steam. However, on 
the high pressure installations the economizer is again in- 
cluded and it is improbable that extraction heaters will be 
used on the high pressure side of the feed water systems. 
Regardless of the type of plant used, expected overall boiler 
efficiencies remain about the same, varying between 84 per 
cent and 90 per cent according to rating, for the newer instal- 
lations, against about 75 per cent for those installed 15 or 
more years ago. Actual turbine efficiencies have also im- 
proved during that time, some of the best units now showing 
a Rankine cycle efficiency of 84.5 per cent. 


REPRESENTATIVE RESULTS FROM ACTUAL PLANTS 


The fuel rate and efficiency of the actual plant may be 
determined either by test or from operating data, and for 
comparision should be based on the net kw.-hr. or plant out- 
put to the lines, after deducting auxiliary power. 

Regardless of the system used, the results, when fuel is 
plotted against kw.-hr., will take the form shown in Fig. 3, 
the fuel-output curve resembling the familiar Willans line of 
turbine steam consumption. The changes in turbine economy 
at the point of opening of over-load valves will be reflected 
by changes in slope of the line. Since the various portions 
of these lines are very nearly straight lines it is not unusual 
to express them in the form of an equation as bbl. fuel = 
a-+ (kw. X b), which gives a figure very close to the station 
fuel consumption at any given load. Dividing the kilowatt 
output by the fuel gives the kw.-hr. per bbl., as commonly 
used on the Pacific Coast, and results in curves as shown in 
the upper portion of Fig. 3, which can readily be converted 
into the more universally used term of B.t.u. per kilowatt- 
hour. 

Curves for unit 1, unit 2 and unit 3 are from test results, 
unit 1 being a 12,000-kw. unit with steam driven auxiliaries, 
open feed water heaters, oil fuel and boilers operating at 
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about 75 per cent efficiency. Unit 2 is a similar unit of 
15,000 kw., and unit 3 is a 20,000-kw. unit with electric driven 
auxiliaries and economizers, boiler and economizer efficiency 
being about 82 per cent. The best overall thermal efficiency 
of these installations varied from 13.8 per cent to 16.6 per 
cent, operating on steam at 200 lb. pressure, superheating 
to a total temperature of around 525 deg. F. These units are 
operating under the conditions shown in diagram 5 (Fig. 1), 
which has a theoretical efficiency of slightly over 38 per cent. 
The actual plant efficiency is from 42 per cent to 50 per cent 
of the theoretical. Tested efficiencies were between 250 and 
290 kw.-hr. per bbl. 

Unit 8 is a 35,000-kw. unit, operating on the regenerative 
cycle at pressures around 385 lb. and temperatures of about 
700 deg. F. The curve (Fig. 3) is developed from test data 
and supplemented by operating information, and represents a 
close approximation of the characteristics of this unit. The 
boilers are equipped with economizers. The best thermal 
efficiency of this plant is about 23 per cent, and the fuel 
economy about 420 kw. per bbl., the actual efficiency being 
about 56 per cent of the theoretical. 

The curve for unit 9 is for a 50,000-kw. machine under 
approximately similar conditions except that the boilers have 
economizers and air heaters, the boiler efficiency being about 
? per cent better. Its over-all thermal efficiency is about 57.5 
per cent of the theoretical efficiency. 
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The curve for unit 10 represents closely the plant perform- 
ance of a 94,000-kw. unit, under steam conditions of 400 lb., 
750 deg. F. on the regenerative cycle. The best over-all 
thermal efficiency is around 26.5 per cent, or 63.5 per cent of 
the theoretical, the kw.-hr. per bbl. close to 500, and the boiler 
efficiency on gas fuel at the high ratings carried, about 84.5 
per cent. 

A study of the possibilities of 1,200-lb. pressure units ex- 
hausting to the unit 10 curve shown indicates, when calcu- 
lated for constant boiler efficiency and reheat to 750 deg. F., 
the possibility of an over-all thermal efficiency of around 30 
per cent, with a fuel efficiency of possibly 550 kw. per bbl. 
of oil, the thermal efficiency realized being about 65 per cent 
of that theoretically possible with the cycle. 


HEAT BALANCE DIAGRAM OF A MODERN PLANT 


The heat balance diagram shown in Fig. 4 shows the heat 
iow for a modern plant operating on the regenerative cycle, 
and has been compiled from test data on the 100,000-kw. 
tandem compound unit at the Long Beach steam plant No. 
3 of the Southern California Edison Company. Steam is 
supplied by three 3,416-hp. boilers at 410 lb. gage throttle 
pressure, and total temperature of 750 deg. F. The boilers 
are equipped with air heaters but not economizers. The dia- 
gram is complete for the major heat distribution but no at- 
tempt has been made to separate the many small divisions of 
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Fig.1. Ideal steam cycles showing the effect of increased pressures on theoretical efficiency. 
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auxiliary power, some of which, as the power input to the 
forced draft fans and boiler feed pumps, is returned to the 
system. 

The heat flow as shown in Fig. 4 may be divided con- 
veniently into four groups: input, output, recovered heat and 
losses. The heat input is derived from two sources: the heat 
in the fuel supplied to the boilers and the small amount of 
heat contained in the make-up water. This latter amount 
is negligible (0.02 per cent) when compared to the heat input 
in the fuel (100 per cent). The magnitude of this group is 
100.02 per cent. 

The output is, of course, the electric energy delivered by 
the main generator to the station high voltage transformers. 
As shown on the diagram, the work done by the turbine or, 
practically speaking, the output is composed of two groups, 
one amounting to 3.68 per cent and the other amounting to 
24.23 per cent of the heat input. The smaller of these groups 
1epresents the amount of work done by the steam that is ex- 
tracted by the four feed water heaters as it flows from the 
throttle to the various extraction points; namely, the fifth, 
tenth, fourteenth and eighteenth stages. The larger of the 
two groups represents the power generated by the main body 
vf steam flowing from the throttle and ultimately reaching 
the condenser. The total work done by the two groups 
amounts to 27.91 per cent of the total heat input. 


There are several places in the system where heat is re- 
covered and returned into the system. These are the air 
heater, the four extraction feed water heaters, main con- 
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denser hotwells, after condenser on the secondary air removal 
steam jets and the main generator exciter. Taking these 
recovered heats in the order named, the air heater returns a 
total of 6.53 per cent of the heat input to the system back 
to the boiler. This is a direct gain as it represents heat 
that would otherwise be lost up the stack. Of the 6.53 per 
cent returned as heat in the air to the furnace, 6.01 per cent 
is obtained directly by heat exchange within the air heater 
and 0.52 per cent is recovered by the forced draft fans. This 
latter recovery is due to the fact that the forced draft fans 
are mounted above the top of the boiler and are thereby in a 
position to recover a part of the radiation loss from the 
boiler. 

A very considerable portion of the total heat input to 
the boiler is that supplied as heat in the feed water. This 
heat is recovered by the four extraction feed water heaters 
and the reheating hotwells, for the most part, and is heat 
that would otherwise be largely lost in the condenser. 

The heat returned by the four feed water heaters amounts 
to 27.18 per cent and that by the water leaving the condenser 
hotwells 3.47 per cent. This latter figure contains a small 
amount of heat extracted from exhaust steam by the reheat- 
ing hotwells which are connected directly with the exhaust 
steam space of the turbine. 

The steam from which the heat is extracted by the four 
feed water heaters also contributes to the work done by the 
turbine to the extent of 3.68 per cent as mentioned above. 
By this extraction process the economy of the unit is im- 
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Fig. 2. Ideal steam cycles for superheat, reheat and extraction with probable actual efficiencies of plants operating on various cycles. 
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nit 10 proved to a considerable degree. If the turbine were to oper- 
rear eae. 1-4 : ate on a straight condensing non-extraction cycle, its gain in 
ae ee ea ee | capacity over that obtained by full extraction would amount 
i 7;'——__ to about 19 per cent and at the same time its loss in economy 
ee pa Uf. would be approximately 10 per cent for the conditions shown 
t+ fi, ft on the diagram. The fact that the heat entering the turbo- 











0 0 at i bets generator contains approximately 15 per cent more heat than 
ol lento_A__| Agryp || | | | that contained in the fuel is due to the large amount of heat 

ae a returned in the feed water. 
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I f "oh ECONOMY CHARACTERISTICS (0.04 per cent). 

[Si er — mega iignepal. ‘sednalpunagatennentant: The last main group of heats shown on the diagram, 
Ip ° ~ Cee Rese ae oer a namely, the losses, is by far the largest and consists of boiler 
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2 moisture in the flue gas. This large amount of moisture is 
o Pe a ae ee ee due to the presence of a considerable amount of hydrogen in 
a te the constituents of the natural gas fuel. For each pound of 
" = © “gine fuel burned there is formed approximately 2 lb. of water in 





the flue gas which leaves the stack in the form of super- 
heated steam, causing a moisture loss of approximately 10 
per cent. The other components of stack loss, namely, the 
loss due to theoretical dry gases and excess air, amount to 
4.18 per cent. 


Fig. 3. Steam plant economy characteristics. 
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Conditions: Gross load 101,585 kw. Transmitted or net load on main generator 98,585 kw. Heat input in fuel, 100 per cent equals 

1,266,831,600 B.t.u. per hour. Boiler rating 311.34 per cent. Feedwater temperature 393 deg. F. Steam pressure at throttle 400 lb. 

per sq.in. gage. Steam temperature 370 deg. F. Back pressure in condensers 1.33 in. mercury. Steam flow at throttle 1,054,458 lb. per 
hour. Efficiency: 486.37 net kw.-hr. per bbl. oil, or 12,850 per net kw.-hr., or 26.56 per cent. 


Fig. 4. Heat balance diagram of a modern moderate pressure plantshowing heat input, heat lost and recovered and heat output in the 
form of available electric energy. 
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The turbo-generator losses, together with the auxiliary 
power not used for main generator excitation, amount to 1.49 
per cent. 

About 73 per cent of the steam flow at the turbine throttle 
finds its way to the condenser and the remaining 27 per cent 
is extracted by the four feed water heaters. This 73 per cent 
of the throttle steam flow generates power amounting to 24.73 
per cent of the total heat input to the system and gives up 
56.21 per cent of the total heat input as a loss to the circu- 
lating water in the condenser. It should be noted that the 
heat lost in the condenser should be expressed as a percent- 
age of the fuel input to the boilers rather than as a percent- 
age of the heat input to the turbine as the latter basis will 
give a figure somewhat smaller than the former. As costs 
depend upon fuel input, the true magnitude of the heat 
wasted in the condenser can be obtained only by placing it 
on the fuel input basis. For the case in hand, the heat lost 
in the condenser is 56.21 per cent of the heat input in fuel, 
whereas it is about 49 per cent of the heat input to the tur- 
bine throttle, a difference of about 7 per cent. 

In calculating the yearly economy for this plant it was 
found that for operation during the year 1929, the over-all 
thermal economy was 26.56 per cent, as shown on this dia- 
gram, so it is somewhat of a coincidence that this is repre- 
sentative of the last year’s operation. 

Generalizing, we may say that about one-fourth of the 
total heat input is obtained as useful output while three- 
fourths is lost. 

In studying the characteristics of this plant it became evi- 
dent that the boiler performance, where only two or three 
large boilers are used, has a marked influence on the turbine 
performance, particularly the change in steam temperature 
since this must necessarily fluctuate with the boiler rating. 

Although we pride ourselves today on the creditable show- 
ing we are able to make with the more modern plants and 
the very remarkable progress that has been made in recent 
years, the necessary wastefulness of even the most efficient 
systems is appalling and the equipment and investment re- 
quired to secure the comparatively insignificant savings are 
a burden on all industry. Science is continually perfecting 
new and more economical methods of utilization, most of the 
present-day efforts being to increase the amount of available 
heat that can be crowded into the cycle without increasing 
the losses. While the binary systems, such as the mercury 
vapor process seem to offer promise, the greater losses in the 
flue gases and circulating water still remain as a burden 
which must be carried until such time as electrical energy 
can be secured directly from fuel. While this now seems 
visionary, the fundamental structure of matter and energy 
are rapidly becoming better understood and the time may 
come when the wonder will be that the simplicity of the 
process remained undiscovered for so long. 


Water Conditioning and Power Plant 
Chemistry* 


This report contains a statement of the requirements 
for current boiler water conditioning, a description of 
some of the more recent short methods of analysis for 
routine control, a discussion of the subject of carry- 
over of impurities from boilers and a description of the 
system of water conditioning in use at the Seal Beach 
Station of the Los Angeles Gas and Electric Corporation. 


* Report of water conditioning and power plant chemistry sub- 
committee of prime movers committee, Engineering Section. August 
Sattler, chairman. G. H. Briggs, P. E. Chapman, Scott Jensen, 
Weiler Reed, C. P. Rhine, F. B. Stillwaggon, 
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REQUIREMENTS FOR CORRECT BOILER WATER CONDITIONING 


_ growing tendency during the past few years toward 

higher pressures and higher ratings has called for more 
exacting methods of feedwater control. It is obvious that 
the higher the pressure and especially the rating carried, 
the greater will be the tendency toward scale formation, and 
solids carried over in the steam. ‘This demands a minimum 
amount of incrusting solids going to the boilers from what- 
ever treating system is in use, and the blow-downs carefully 
regulated. 

Not only does each water present a different problem, 
but each plant has its own peculiarities, for each boiler is 
a chemical vessel and should be controlled by intelligent 
chemical treatment. . 

In order to keep the total dissolved solids of the boiler 
water as low as possible and yet maintain the prescribed 
sulphate-alkalinity ratio, it is necessary to maintain as little 
aikalinity as possible and still prevent corrosion. 

Keeping the sulphate-alkalinity ratio up to A.S.M.E. 
boiler code rulings, and the ‘xygen content practically elim- 
inated, does not prevent corrosion. For, unless the hy- 
droxide alkalinity is maintained at not less than 25 parts 
per million or 1.5 grains per gallon, corrosion may take 
place. 

Also in water containing considerable sodium bicarbonate 
and free carbon dioxide, corrosion is likely to occur, even 
though the oxygen content is exceedingly low. Distilled 
water, even when free from oxygen, may be corrosive; be- 
cause when it is heated to boiler pressure and temperature, 
its pH value decreases appreciably. 


Hydroxide alkalinity will not prevent the formation of 
sulphate scale but is a preventive of silicate scale, forming 
soluble sodium silicate. Phosphate treatment at pressures 
above 200 Ib. per sq. in. is more effective than soda ash 
or caustic soda for the prevention of scale, because of the 
lesser solubility of the calcium and magnesium phosphate. 


The ultimate aim of the treatment to prevent caustic 
embrittlement is to maintain within the boiler a predeter- 
mined amount of the inhibiting chemical. The two chemicals 
which are receiving most attention in this respect are sodium 
sulphate and sodium phosphate. A definite amount of either 
of these salts must be maintained in the boiler water. The 
sulphate is kept in direct proportion to the total alkalinity 
in the boiler water, while the phosphate is usually kept at 
a definite figure, which is largely independent of total alka- 
linity for normal concentrations. 


Of the phosphates, the tri-sodium containing 25 per cent 
PO, is generally used. The di-sodium phosphate is less al- 
kaline and containes 26 per cent PO, The mono-sodium 
phosphate or acid phosphate containes 70 per cent PO, and 
is used to reduce the alkalinity and at the same time in- 
crease the PQ,. 


The work of Professors Parr and F. G. Straub of the 
University of Illinois, indicates that probably the presence 
of a comparatively small amount of phosphate will inhibit 
caustic embrittlement, and is about 500 times as effective 
as sulphate in preventing embrittlement. The hydroxide al- 
kalinity must not fall much below 25 p.p.m., otherwise the 
increasing solubility of calcium phosphate and the decreas- 
ing pH value may cause calcium sulphate to deposit as scale. 

The Southwestern Public Service Company, Amarillo, 
Texas, reports discontinuing the use of sulphate since April, 
1928, and makes use of phosphate for inhibiting embrittle- 
ment and preventing scale formation. The boilers were 
emptied of all water containing sulphate and filled with 
water containing only sodium phosphate and caustic soda. 
Since that time the boiler water has contained between 30 
and 50 p.p.m. of free soluble phosphate and pH value of 
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about 10. The advantage of this method is that the concen- 
tration of the total solids can be kept at a very low figure. 
With such a low concentration of solids, turbine blade scale 
will be slow in forming. The boilers are 2,000 hp., and 400 
lb. pressure, and have operated for eighteen months without 
the presence of sulphate in appreciable amounts. They have 
been free from scale, corrosion, caustic embrittlement and 
no blow-downs have been necessary. 

By maintaining low concentration of hydroxide in the 
boiler water the concentrations of sulphate need not be 
extremely high for the maintenance of the sulphate- 
alkalinity ratio required to meet the recommendations of the 
boiler code on prevention of embrittlement. This is bene- 
ficial because the artificial addition of sulphate is less fre- 
quently necessary, giving loWer concentration of dissolved 
solids in the boiler water and improving boiling conditions. 

From the standpoint of stability the phosphates meet all 
requirements. Since phosphates do not decompose, and also 
increase the alkalinity of the boiler water, this alkalinity 
can be maintained at a very low value and consequently 
there is little reason to fear caustic embrittlement. The 
most favorable pH value can thus be maintained to prevent 
corrosion and at the same time permit protection from 
caustic embrittlement without the use of a large quantity of 
sulphate. This method of treatment produces clean surfaces, 
clear water and good steaming conditions, giving extremely 
low concentration of dissolved solids. Where the make-up 
is evaporated and the raw water leakage is not excessive, 
the total dissolved solids should not exceed 1,000 p.p.m. 
or 50 to 60 grains per gal. 

In addition to maintaining low hydroxide concentration 
every effort should be made to exclude from the boiler water 
all saponifiable materials as grease, oil and sewage contam- 
ination, these causing priming. 


SHORT METHODS FOR MAKING ROUTINE ANALYSES 


In order to be assured that the treatment is being prop- 
erly administered, control of the water treatment must be 
maintained by rapid and fairly accurate methods of 
analysis. The most desirable analyses to be run on the 
boiler water sample are alkalinity, sodium chloride, phos- 
phates or sodium sulphate, depending on the conditioning 
used, and oxygen. 

The alkalinity of a water indicates the presence of certain 
salts in solution, which have the power to neutralize acids. 
The alkaline salts may be present in a number of different 
forms. The ones usually present in boiler feed waters are 
known as carbonates, bicarbonates, and hydrates, sometimes 
called hydroxides. One or two of these forms of alkalinity 
may be present in a water, or there may be a change from 
one form to another during chemical treatment or under the 
influence of heat. 

It is desirable for the plant engineer to know not only the 
amount of total alkalinity of his boiler water, but also the 
amount of each kind of alkalinity. He should know what 
parts of the alkalinity in the water tested are present as 
carbonate, bicarbonate and hydrate alkalinity. These tests 
are comparatively simple and may be readily made. 


TESTS FOR ALKALINITY 

The usual methods of determining alkalinity are so well 
known that they need not be repeated here. Descriptions of 
these tests have appeared in various publications, including 
th A.S.M.E. Boiler Construction Code for 1927, Section VII, 
p. 86. The relative amounts of akalinity in the form of 
bicarbonates, carbonates and hydrates may be calculated 
from the two alkalinity readings obtained with phenolptha- 
lein and methyl orange. These data were published in the 
1927 Proceedings of the Pacific Coast Electrical Association, 
p. 247 and also in “Standard Methods of Chemical Analysis” 
by W. H. Scott (fourth edition, 1925,) pp. 1429 and 1430. 

The determination of carbonate and hydrate alkalinity 
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of concentrated boiler water by the ordinary titremetric 
method is reliable only in the absence of appreciable amounts 
of organic matter when the water is relatively clear. When 
concentrated boiler waters contain an appreciable amount of 
organic matter in solution or suspension, or where the water 
is turbid or highly colored, these determinations should be 
made by the Winkler method as follows: 

‘In one portion determine the total amount of alkali present 
by titration with acid, using M.O. as an indicator, which 
gives all the hydroxide and the carbonate. In a second por- 
tion determine the hydroxide thusly: To the solution add 
an excess of neutral barium chloride solution, when the 
following reactions take place: 


Na2:CO; + BaCl: = 2NaCl + BaCO; (insoluble) 
2NaOH + BaCie = 2NaCl+ Ba(OH): (soluble) 


Then add phenolpthalein indicator and titrate slowly with 
acid with constant stirring; decolorization is effected from 
a red to a colorless solution as soon as the hydroxide is 
neutralized and before any barium carbonate is dissolved. 
The amount of acid used corresponds to the amount of 
hydroxide originally present. 


EXAMPLE: 


1. 100 c.c. (Na2COs + NaOH) require (x) c.c. 0.1 normal acid for 
Na:CO: + NaOH. 


2. 100 «ec. (NasCO:+ NaOH) require (y) c.c. 0.1 normal acid 


for NaOH alone, so that 100 c.c. (NazCOs:-+ NaOH) require (x-y) 
c.c. 0.1 normal acid for NazCOs. 100 c.c, of the solution therefore 
contain (y)x 0.004 gram NaOH and (x-y) x 0.0053 gram NasCOs. 
Care must be taken when adding the acid in the titration; unless 
it is added very slowly some of the barium carbonate will be acted 
upon before the end point is reached, 


Test for Chlorides— 


The term “chlorides” is used to express the combination 
of chloride with other elements forming salts that are com- 
paratively stable and not easily broken up under ordinary 
conditions. The term “chlorides” is to be distinguished from 
“chlorine” such as liquid chlorine used extensively for sterili- 
zation of public water suppliees. The test for chlorides is 
well known and a description of it may be found in the 
A.S.M.E. Boiler Construction Code for 1927, Section 
VII, p. 87. 


Test for Oxygen— 


The test for dissolved oxygen is the well known Winkler 
method which was described in the last issue of the National 
Prime Movers Bulletin, February, 1929, Treatment of Feed- 
water, Publication 289-28. 


Test for Sulphates— 


The standard gravimetric method for the determination 
of sulphate is not applicable for routine work in determin- 
ing the sulphate content of concentrated boiler water, prin- 
cipally because the method is time consuming and the ac- 
curacy which it affords is not ordinarily required for plant 
control. 

The turbidimeter method is sufficiently accurate for de- 
termining the sulphates in boiler water, and has the added 
advantage that it is fairly rapid and requires no special 
technique. The method consists of measuring the turbidity 
produced by precipitating the sulphates by means of barium 
chloride in a slightly acidified solution. The finely divided 
barium precipitate is measured by limiting the depth of 
solution through which a standard light can be detected. 
The apparatus is standardized against solutions of sulphates 
of known strengtth. 

A somewhat similar method has been in use in which 
the sulphates are precipitated by. barium chloride and the 
concentrated turbid solution is diluted by distilled water until 
a standard light becomes visible. The degree of dilution is 


a measure of the amount of sulphates present in the original 
sample. 
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Although these methods are of ‘value on account of the 
rapidity with which they can be made, there are some ob- 
jections to them. The conditions under which the precipi- 
tations are made have a marked effect upon the barium 
sulphate precipitate. The accuracy of the test should be 
checked from time to time by gravimetric determinations. 
Considered broadly, however, the turbidity method for rou- 
tine determination of sulphates may be used to advantage. 


Test for Phosphate— 


For the determination of the phosphate, a method has 
been developed by Professor Straub given in detail in 
“Mechanical Engineering,” May 1929, which depends on the 
fact that molybdenum present as phosphomolybdic acid may 
be reduced in the presence of an excess of molybdic acid. 
The reducing agent used is hydroquinone. If hydroquinone 
is added to an acid solution of molybdic acid, no phosphate 
being present, the solution will be colorless when treated 
with alkaline sulphite, but if phosphate is present, phospho- 
molybdie acid is formed and reduced, giving a blue color. 
As small an amount as 5 p.p.m. of phosphate gives a distinct 
blue color in this test. 


The standard method for the determination of phosphate 
involves the precipitation of the phosphate as phospho- 
molybdate in a nitric acid solution of definite acidity with 
an excess of ammonium nitrate present at a temperature of 
about 80 deg. C. or 175 deg. F. The filtrate is washed with 
a 1 per cent solution of potassium nitrate. The washed 
precipitate is ignited and weighed, or it is dissolved in stan- 
dard nitric acid. This method is not suitable for boiler room 
control, except as a check method. It has been modified 
to the point where the precipitate instead of being filtered 
is allowed to settle in a glass tube having a calibrated cap- 
illary tube at the bottom. At the Long Beach steam plant 
we have developed the following method which is much sim- 
pler and quicker: 


Place 100 c.c. of the boiler water sample in which the PO, 
is to be determined in a 100 c.c. centrifuge tube (which or- 
dinarily holds about 125 ¢.c.) and make it slightly acid with 
concentrated nitric acid; then neutralize with concentrated 
ammonium hydroxide, and add a few c.c. of nitric acid. This 
will give the ammonium nitrate necessary for the precipita- 
tion of the phosphate and also acidify the alkalinity of the 
boiler water, another needed step. Then add 10 c.c. molyb- 
die acid solution; shake the tube by hand and place in cen- 
trifuge used for the determination of water and sediment 
in oil. Then centrifuge about 5 minutes. The volume of 
precipitate which settles is a measure of the phosphate con- 
tent. The volume occupied by fractions of a c.c. of the pre- 


cipitate is previously determined with a known amount of 
sodium phosphate. 


This phosphate in the boiler water is combined with so- 
dium and in the presence of sodium hydroxide is combined 
as tri-sodium phosphate which is ordinarily calculated with 
the total alkalinity as sodium carbonate. To bring the sul- 
phate-alkalinity ratio to the real condition as it is in the 
boiler water, allowance must be made for the alkalinity 
existing as sodium phosphate. 

The high pressures and high temperatures existing today 
in the modern plants render the boiler equipment particu- 
larly liable to corrosion and embrittlement. The large in- 
vestments in this equipment make it necessary to observe 
the closest control of these conditions and this control must 
necessarily continue until such time as science can either 
provide materials or boiler construction which will not be 
liable to attack or furnish us a universal cure-all in the 
way of a boiler compound which will be safe to use in in- 
experienced hands. 


OVERCOMING DIFFICULTIES WITH CARRY-OVER FROM BOILERS 


In Power Plant Engineering, December 15, 1929, some 
difficulities were reported on account of the carry-over of 


May 15, 1930 — Electrical West 


the treatment chemicals. This was overcome by the in- 
stallation of steam purifiers in the boiler drums to remove 
the impurities in the steam, and by employing continuous 
blowdown in connection with heat exchanges. 

Corrosion of non-ferrous metals in bleeder heaters and 
evaporator condensers has been encountered and overcome 
in the heaters by additional de-aeration of the water and 
venting of equipment. Correction of corrosion in evaporator 
condensers has been made by the installation of an open 
heater on the evaporator feed in order to reduce the amount 
of gases that would otherwise be discharged to the evap- 
orator condenser. 

Corrosion in the hot boiler feed lines and in the boilers 
has been eliminated by the simple expedient of recirculating 
sufficient blow-off water, which is highly caustic, back into 
the water space of the heater. By this means all free COs 
in the initial water is converted into sodium carbonate, and 
the sodium bicarbonate also is converted into sodium car- 
bonate, thus making the water non-corrosive. 

Besides causing erosion, the impurities carried over with 
the steam may lead to severe corrosion, depending upon 
their nature and upon the material of which the turbine 
blades are constructed. Caustic soda, which is probably 
used more than any reagent for internal treatment of boiler 
water, may be expected to cause corrosion of blades con- 
structed of copper alloy. 

Corrosion of turbine blading may lead to corrosion of 
the boilers under certain circumstances. An interesting ex- 
ample of this was given some years ago in the Journal of 
the American Society of Naval Engineers by Commander 
J. E. Palmer. The boiler was of the water-tube type and 
was used on board a vessel equipped with a Parsons turbine. © 
After only about two months’ service, a number of the water 
tubes failed as the result of pitting, and the boiler had to be 
retubed after four months. 

An examination of the defective tubes showed a brownish 
deposit about the pitted parts. An analysis of the deposit 
indicated the presence of copper. How the copper had 
gained entrance to the boiler was not at first evident, but 
on examination of the turbine it was found that the blades, 
which were of bronze containing a high percentage of cop- 
per, had suffered a certain amount of erosion. The eroded 
metal had evidently been carried away by the exhaust steam 
into the condenser from whence it had passed into the feed- 
water, and so into the boiler. The presence of the copper 
in the tubes thus set up galvanic action, which in turn 
caused pitting of the tubes. 

Attempts to keep concentration of solids low in boiler 
water by excessive blowdown are extravagant and of little 
avail. Nor can boiler water concentration be prevented. 
Neither can boilers be made to generate steam without tend- 
ing to carry some actual water and impurities with the 
steam. The result of boiler concentration is therefore the 
production of impure steam with attendant danger, trouble 
and expense throughout the entire power plant. Conse- 
quently, more attention should be paid to dealing with this 
result. In other words, since steam cannot be generated 
that is pure, steps should be taken for the complete removal, 
mechanically or otherwise, of the impurities from the steam. 


Carry-over from Boilers at Station A—Statement by Pa- 
cific Gas and Electric Company— 


At heavy loads this station has always experienced some 
trouble with carry-over from the boilers. The evidence of 
this shows up chiefly as deposits on the turbine blading al- 
though small deposits are sometimes found on the steam 
jet air pump nozzles. 

The greatest trouble was experienced during the heavy 
load period of 1924 and finally resulted in a marked reduc- 
tion in the maximum load that could be carried on the tur- 
bines. When the turbines were overhauled the following 
year large deposits were found on the turbine blading. Con- 
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centrations in samples of condensed steam have run as high 


as 6 grains per gallon. Due to the very light load condi- 
tions during the next three years the effects of carry-over 
were only slightly noticeable, but some attention was given 
to the matter of reducing the possibility of a recurrence of 
similar trouble in case of another dry year. 

We have not been able to examine the blading in any 
of our turbines since the return of heavy load conditions 
brought about by the recent water shortage, but we have 
had definite indications that solids are still being carried 
over with the steam. Small deposits have been found on 
the steam jet air pump nozzles, but we believe the amount 
of carry-over into the main turbines has been very small 
because there is no noticeable reduction in maximum load 
and there has been no change in stage pressures. 

It is agreed that the amount of solids carried over with 
the steam is usually a function of the amount of concentra- 
tion of solids in the boiler water. Our program, therefore, 
was first to obtain a more uniform control of boiler blow- 
down and second to hold the boiler water concentration at a 
lower figure. Our complete program was as follows: 


1. Installation of a continuous blowdown system to make uniform 
control of boiler water concentration possible. 

2. Increase in amount of blowdown in order to reduce average 
boiler concentration. We hold our sodium chloride concentration 
at about 50 grains per gal., which is equivalent to from 70 to 90 
grains per gal. total solids. 

3. Reduction of condenser leakage. Any leakage from this source 
necessitates supplementary feed water treatment in the hotwells or 
in the boilers in order to eliminate scale-forming solids. Both the 
leakage and the additional treatment tend to raise the concentra- 
tion of the boiler water and also add to the material in suspension. 

4. Installation of a steam purifier either in each boiler drum or 
in the steam line to each turbine. In an old plant of this type 
where there are many more boilers than turbines, the second plan 
would probably be the only one that could be justified from an 
economic standpoint. 


All the items in the above program have been carried out 
except the last one. Due to the short length of time that 
the old equipment will remain in service before dismantling 
we feel that the changes we have already made are all that 
are now economically justified. 


WATER CONDITIONING PRACTICE AT SEAL BEACH STATION— 
STATEMENT BY LOS ANGELES GAS AND ELECTRIC 
CORPORATION 


The steps by which, at this plant, well water is converted 
to make-up water include the following: 


Treating with alum to insure clarification during filtering. 
Filtering through sand. 
Passing through a zeolite softener. 
Evaporating. 

5. Passing, as vapor, through a separator to remove entrained 
spray. 

6. Condensing. 


m © toe 


Alum Treatment— 


Alum is added to the well water to produce a gelatinous 
suspension (floc) which coagulates or catches the fine par- 
ticles. In order to produce satisfactory filtered water, it 
has been found that the M.O. alkalinity must be reduced 
from 6.9 grains per gal. (in terms of Na.CO;) to 5.1 grains 
per gal. With an average make-up of about 13,300 Ib. per 
day, the alum required is about 0.8 lb. per day. The alum 
water is fed to the well water before entering the filter. 
The grade of alum used is described as “commercial alum- 
inum sulphate, not iron free, walnut size lump.” 


Sand Filter— 


After treating with alum, the water passes through a 
sand filter which strains out the floc with the entrained 
particles, thus producing clear water. This filter is back- 


washed about once per week, about thirty minutes being 
required. 
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Zeolite Softener— 


After filtering, the water passes through a zeolite softener. 
Changes in well water by filtering and softening are shown 
below. It is interesting to note that tests of the well water 
do not show a change from month to month. Changes from 
year to year are within the error of the analysis: 


TABLE I—Changes After Filtering and Softening. 


Grains per U. S. gallon 





Hypothetical Combination Natural Softened Change 
PE PRUE C5 ck ob %cas van adweme ck None None 
Re Oe eee en ee 1.05 1.45 Plus 0.40 
Iron oxide and alumina.................. 0.30 0°14 Minus0.16 
COS IOIOND. ove yew aslewinwe Keen ee's 0.91 0.07 Minus0.84 
Ce NN ooh ois snes 5 Dane pedo oe Trace None 
SS See None None 
Magnesium carbonate................685 0.17 0.12 Minus0.05 
Magnesium sulphate. .........ccccceeses None None 
Magnesium chloride...............ee005: None None 
PND os de ck ote sno berese 8.74 9.71 Plus 0.97 
SD NID 6c snc bce i a'e's awaecesuces 1.06 1.24 Plus 0.18 
NES 66-50 55's cadeceeetociw obs 1.73 1.73 

; WOE So ste Newc cbevakaensses 13.96 14.46 Plus 0.50 
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Evaporating— 


The softened water flows to the evaporators through man- 
ually controlled valves. There it is converted to vapor by 
steam coils heated by steam bled from the turbine at about 
50 lb. pressure. 

Intermittent blowdown is used. When the liquor remain- 
ing from the evaporation becomes so concentrated that there 
is danger of foaming, it is discarded and the evaporators 
refilled with new water. 

The vapor rising from the turbulent surface of the liquor 
necessarily entrains considerable spray that originates from 
the bursting bubbles at the liquor surface. Much of this 
settles out while the vapor is yet in the steam dome of the 
evaporator, which is merely a continuation of the evapor- 
ator shell, of about equal height. 

The vapor leaves the top of the steam dome carrying about 
% per cent of liquor in suspension and shows about one 
grain per gal. of total solids. 


Passing as Vapor Through Separators— 


From the steam dome, the vapors pass through separators 
which throw down much of the entrained liquor by centrifu- 
gal action and surface contact. This returns by gravity to 
the evaporator. 

The separators were installed as a result of evidence that 
the vapors delivered by the evaporators contained over the 
desired maximum of one-half grain per gallon. 

Comparative tests of vapor in and out of these separators 
showed the following: 


In Grains Out Grains 
Per Gal. Per Gal. 
Carbonates (an ot TIGR) 6b. oan 0.00 0.00 
Bicarbonates (as cf NaH COs)......................cccs2000 0.28 0.24 
Caer ORaD Laie OE DHCD  cetiatc a sieintitcciciencces 0.19 0.18 
Total solids by evaporatlonncc...cc--cccicscccccss §©6OGTF 0.507 


From these tests it is seen that the separators reduce the 
amount of total solids in the vapor leaving the evaporators 
about one-third, and that the desired purity was approxi- 
mated only after installing separators. 


Condensing— 


The vapor, as it leaves the separators, is condensed by 
mingling it with low pressure steam that is on its way to 
a feedwater heater where its latent heat of evaporation is 
delivered up. The condensate, which then contains the con- 
densed evaporator vapor, is picked up by a pump and passed 
directly into the feedwater system. 
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Equipment— 


The equipment used is as follows: 


One alum pot, for use in connection with the following softener. 

One zeolite water softener, vertical single unit, 3 ft. diameter, 
maximum rate of softening 35 g.p.m. 

One water purification apparatus (sand filter). 

Two evaporators, single effect type, vertical, submerged, ellipticoil, 
capacity 7,500 g.p.m. 





One conductivity instrument recording the concentration of the 
vapor leaving evaporators in grains per gal. in terms of Cl. 

One conductivity instrument recording the concentration of the 
liquor in the evaporators in grains per gal. in terms of Cl. 

Two 10-in. separators, straight way, external purifier, capacity 
approximately 7,500 lb. of vapor per hour. 

Two bleeder low-pressure feed water heaters, condensing type. 


The equipment is highly satisfactory and requires a min- 
imum of attention for a system of this sort. 


UNDERGROUND SYSTEMS COMMITTEE REPORTS’ 


Temperature and Its Relation to 
Underground Systems 
By PAUL SURANSKY* 


This paper is a brief summary of three reports which 
were prepared for the underground systems committee 
Engineering National Section, N.E.L.A. The purpose of 
the paper is to provide the members of the Engineering 
Section of the P.C.E.A. with information relative to 
those studies which deal with temperature and its rela- 
tion to underground systems, as made by the national 
committee. By furnishing such information, it is ez- 
pected that members of this section will not duplicate 
the efforts of the national committee and in addition 
thereto that before making temperature surveys on an 
underground system, they will first contact the national 
committee. This contact should be made so that they 
may profit by that committee’s experience and also that 
uniform methods for taking temperature measurements 
will be used in order that results of such investigations 
of the various operating companies in the United States 
may readily be compared and combined and proper con- 
clusions deducted therefrom. 

The three reports which will be covered in this paper 
are: 1. Earth Temperatures and Their Use in Rating 
Cable, 2. Conduit and Manhole Temperatures, 3. The 
Calculation of Cable Temperatures in Subway Ducts. 


NDERGROUND transmission and distribution systems 


are being continually extended, and large amounts of 
new capital are invested each year in the conduit and cable 
systems, which such extensions require. It is economically 
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necessary that such systems be operated with the minimum 
investment per kilowatt of load. To accomplish this requires 
the utmost utilization of all component parts of the system. 
Since it has been found that the maximum amount of energy 
that can be transmitted over a given underground system is 
limited by temperature, it becomes necessary to make de- 
tailed investigations of temperature and its relation to 
underground systems. For these reasons the three reports 
previously mentioned have been prepared. A discussion and 
the conclusions of each report follows. 


EARTH TEMPERATURES AND THEIR USE IN RATING CABLES 


In the rating of underground cables the correct determin- 
ation of the base earth temperature is essential for accuracy 
of cable temperature predetermination. The earth tempera- 
ture in cable operation bears the same relation as the ambient 
air temperature does in rating electric machinery. In calcu- 
lating cable ratings several temperature gradients, namely, 
the rise of copper above sheath, the rise of sheath above duct 
and the “rise of duct above earth are calculated. When the 
summation of these individual temperature rises are added 
to the earth temperature, the copper temperature is obtained, 
which determines the rating of the cable. 

If the base ground temperature is low, the rise from earth 
to copper and hence the current carried by the conductors, 
may be increased. Naturally the converse of this is true. 
Therefore, an accurate record of the ground temperature and 
the seasonal variation thereof is of primary importance to 
any company operating an underground transmission or dis- 
tribution system, so that the maximum amount of energy 
may be carried by the cable system without exceeding the 
limits imposed by safe operation, thus operating with the 
minimum investment per kilowatt of load. 

With varying soil conditions it may be necessary to obtain 
seasonal data for several locations on one system. This is 
particularly true when duct lines are installed under differing 
conditions such as under paving near buildings, especially 
those having extensive subsurface volume. 


Methods of Measuring Earth Temperatures— 


Measurements of earth temperatures have been made and 
reported by eleven companies. These various companies re- 
ported three methods of taking earth temperature measure- 
ments, namely, by long stem thermometers (either indicating 
or recording), by thermo-couples, or by resistance units and a 
Wheatstone Bridge. Four of the eleven companies reporting 
used thermo-couples, six used thermometers, and one used a 
resistance coil and bridge. 

Where thermo-couples were used they were in most cases 
buried directly in the ground, being installed there perma- 
nently. In one case the thermo-couple units were placed 
upon metal blocks and were then buried. Another company 
fastened the thermo-couple units to a metal block attached 
to an iron rod, which is driven into the ground. The metal 
blocks are insulated from the rod by solid rubber. Another 
company used a long wooden rod with a metal point upon it. 
Metal bands were placed around the wood rod at intervals. 
The thermo-couples were attached to these bands. The leads 
were carried up the rod in a small groove. The wood rod 
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provided sufficient heat insulation to insure correctness of the 
temperature readings. By driving the rod into the ground to 
a depth marked on it, earth temperatures could be measured 
at any point. 

Where thermometers were used, they were usually of the 
long stem recording type. In one case the thermometers were 
inclosed in a wooden case, the upper front part of which was 
cut out to expose the scale. Another company reported that 
earth temperatures were measured by lowering a mercury 
thermometer into an iron pipe driven into the earth. An- 
other company obtained earth temperatures by indicating 
thermometers installed in a manhole. 

The results obtained by such a variety of means of meas- 
urement, when coupled with numerous other varying condi- 
tions, will not be strictly comparable. It is therefore recom- 
mended in future investigations that temperatures be taken 
by thermo-couples, resistance units or thermometers buried 
directly in the ground in such a manner that the atmos- 
pheric temperature cannot affect the reading, such as wiil 
happen if a thermometer is dropped into a tube driven into 
the ground or manhole temperatures are taken. 


Conclusions Arrived At From Tests Conducted In Thirteen 

Cities— 

Earth temperature tests were conducted in Baltimore, 
Milwaukee, Bloomfield, N. J., Detroit, Clarksburg, W. Va., 
Chicago, Cincinnati, Kansas City, Mo., New York City, New 
Orleans, Philadelphia, St. Louis and Washington, D. C. 

The report contains a discussion of the tests conducted in 
each city and in addition thereto charts and tables illustrat- 
ing the results of the tests are given. Those members inter- 
ested in the foregoing details should refer to the report itself, 
as they are not included in this paper. ; 

The conclusions arrived at from these tests are: 


1. The earth temperature varies with the depth below the sur- 
face, the maximum temperature decreasing and the minimum tem- 
perature increasing with the depth below the surface. 

2. The temperature at the same depth varies, due to the influence 
of the soil conditions, adjacent sources of heat and the heat re- 
ceived from solar radiation. 

3. The earth temperature at one particular locality seems to 
repeat itself with reasonable accuracy each year, following a cyclic, 
almost sinusoidal curve. 

4. Earth temperatures used in calculating cable ratings should 
have sufficient tolerance to account for the variation at various 
points in the same city. 

5. Paving, and a high percentage of moisture in the soil, in most 
cases increase the maximum summer, and decrease the minimum 
winter temperature. 

6. Below some depth which may be somewhere between 25 and 
80 ft. below the surface, the earth temperature has no seasonal 
variations. 

7. For any one locality the variations in earth temperature with 
depth follow a definite law, although the same relation does not 
hold for all localities. 

8. There is no consistent relation between the mean air and earth 
temperatures, the difference between the mean monthly air tem- 
perature and the earth temperature for each month at any depth 
varying for each city. 

9. The maximum and minimum earth temperatures lag the cor- 
responding air temperatures by a period which increases progres- 
sively with the depth, the lag at the surface probably being prac- 
tically zero. 

10. Further study may develop a means of calculating the 
monthly variation of earth temperature from the monthly mean air 
temperature. However, by virtue of the fact that the earth tempera- 
ures are readily determined, the value of such theoretical means of 
carth temperature determination is questionable. 


The above conclusions indicate that earth temperatures 
have a decided bearing upon the carrying capacities of cables 
and that such temperatures must be considered if it is desired 
to operate cables and their associated equipment at a mini- 
mum investment per kilowatt of load. 


CONDUIT AND MANHOLE TEMPERATURES 


This report discusses the fundamental principles under- 
sying the determination of cable ratings. It covers such sub- 
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jects as the methods of calculation of ratings and the con- 
stants involved, and gives special charts for facilitating such 
computations. The subject of duct constants is covered in 
detail, data from tests made by several companies being in- 
cluded. The use of thermal time constant, a new factor 
for predetermining temperatures under variable load, is in- 
troduced. The importance of sheath currents is emphasized. 
Detailed records used in conducting temperature surveys and 
checking cable operation are illustrated. The problems in- 
volved in transformer vault ventilation are summarized and 
interesting data quoted. 

The report states that the fundamental theory of heat 
transfer in a steady state is based upon the same conception 
as Ohm’s law, namely, the flow varies directly as the poten- 
tial, in this case the temperature difference, and inversely as 
the thermal resistance. A gradient or temperature drop in 
the component parts of the heat flow circuit is therefore de- 
pendent upon the respective thermal resistance of the com- 
ponent parts. The total thermal resistance is ordinarily con- 
sidered for theoretical calculations as consisting of three 
resistances in series, namely, conductor to sheath, sheath to 
duct wall and duct wall to base earth temperature. The first 
two can be calculated with reasonable accuracy, but the last 
quantity is difficull, to obtain with any degree of accuracy un- 
less tests are made on each section of duct line under con- 
sideration. The last thermal resistance, i.e., duct wall to 
base earth, is commonly called the heating or duct constant 
and is fully discussed in this report. 

The majority of the companies reporting to the under- 
ground committee have chosen the earth temperature as the 
best ambient. However, one company preferred to use the 
outside air, maintaining that the heat is not dissipated to the 
soil, but to the outside air. This assumption is questionable 
because duct constants calculated from this assumption show 
wide discrepancies between the calculated constants and those 
obtained by tests. Moreover, due to the differences between 
earth and air temperatures, it is felt that the use of the air 
temperatures as an ambient is not good practice. The report 
recommends that the earth temperature be used as the am- 
bient, i.e., the reference point from which all subsequent cal- 
culations should be made. 


The report indicates that the study of duct constants is 
still incomplete and will require considerable further research. 
The majority of companies which have reported on this sub- 
ject have made scattered surveys from which no definite con- 
clusions can be drawn and the results of different companies 
cannot be compared because of the lack of information on 
some of the necessary conditions, the small number of tests 
and the variation in the conditions under which these few 
tests were made. It is recommended that the national under- 
ground systems committee be consulted before making such 
investigations, so that such conditions as outlined above may 
be eliminated in the future. 

Some interesting conclusions reached by Professor Knip- 
meyer of Rose Polytechnic Institute from preliminary tests 
now being conducted are: 


1. The heat dissipating ability of the different types of ducts is 
in the following order: clay, stone and fiber. 

2. The burden of heat dissipation is largely upon the duct system 
instead of upon the surrounding earth. While the surrounding earth 
may naturally be a poor heat conductor, its larger cross section 
facilitates heat flow. 

3. The duct system should be of a material of the highest heat 
conductivity because the very small cross section for heat flow 
within it forces a vastly greater concentration or intensity of flow 
within its material. Otherwise very great temperature drops are 
inevitable. 

4. Various common duct materials have widely different values 
of heat conductivity, which fact is of highest importance in consid- 
erations of cable heating and capacity. 


The Bureau of Power and Light of Los Angeles has made 
and is now making some detailed studies of duct lines, the re- 
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sults of which are included in this report. It is of interest 
to know that the national committee has recommended that 
the method of procedure as followed in the Bureau’s tests 
be followed for all future studies. 


Sheath Currents— 


On the subject of sheath currents of those single conductor 
cables which are used to transfer three-phase energy, the 
report states that the total loss in the cable is considerably 
increased by such sheath currents. It has been found that 
the sheath loss in single conductor cable operating on a 
three-phase system, when each of the three single-phase 
cables are installed in separate but adjacent ducts, will vary 
from 25 to 250 per cent of the loss in the conductors when 
operating at a frequency of 60 cycles. If three single-con- 
ductor cables are installed in one duct, the sheath loss will 
vary up to 15 per cent of the conductor loss at 60 cycles. 
The elimination of the sheath losses in single-conductor 
cable will reduce the conductor temperature from 5 to 40 deg. 
C. if the load is unchanged. Consequently, the reduction or 
elimination of sheath losses results in an increase in the per- 
missible cable loading. One company is attempting to reduce 
its sheath currents by installing cable equipped with joints 
having insulating sleeves, the lead sleeve being divided trans- 
versely into two separate sections by means of an insulating 
ring. The purpose of this type of sleeve together with a 
system of special bonding is to prevent the flow of sheath 
currents between adjacent sections of the cable. 


Temperature Surveys— 


Only four out of the twenty operating companies which 
reported to the committee have any routine temperature tests 
other than surveys conducted for those sections suspected of 
being overheated. Only twelve of those companies make 
routine tests of conduit run, the other two companies making 
routine tests at certain designated manholes. The report 
states that attention is invited to the fact that frequent 
checks of duct temperatures and estimates of copper tem- 
peratures under various conditions of loading are necessary 
in order to load fully all of the cables and therefore obtain 
the maximum utilization of the capital invested in the cable 
systems. In view of the fact that the investment in under- 
ground cable of any operating company in urban districts is 
an appreciable part of the total system investment, it be- 
comes quite important that care be taken to obtain the maxi- 
mum use of this investment. The fewer and the less accurate 
the checks made on operating temperatures of the cable 
system, the greater will be the margin of safety required be- 
tween the permissible and the actual operating temperatures, 
thus entailing a greater cable investment to obtain this 
margin. 


Temperature Survey Records— 


A few companies record the results of temperature surveys 
with the loads of the cables on forms suitable for future 
reference and study. The committee believes that on an 
underground system of any extent the expense of following 
the cable loadings by record is fully justified by the savings 
in cable investment and the reduction in cable failures due to 
overloading. 


Underground Transformer Vault Ventilation— 

Resulting temperatures in transformer vaults due to load 
within them are dependent on several factors, some of which 
are within the control of the engineers, namely, type of con- 
struction, type of ventilation, efliciency of transformers, etc. 
On the other hand, the general location of a vault is de- 
termined by the size end nature of load to be served, the 
exact location being determined by street obstructions leav- 
ing very little choice to the construction engineer. Here 
again soil conditions enter into vault temperature conditions. 
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The radiation of heat from the vault is, to some extent, de- 
pendent upon the area of the inclosing walls but mostly upon 
the type of ventilation used for any given load condition; the 
operation of transformers within the vault is entirely de- 
pendent upon the ventilation provided. When the load losses, 
in terms of heat, exceed the ability of natural ventilation and 
wall dissipation, then some means of mechanical ventilation 
may be used to limit the temperature rise. 

In summarizing the answers to the questionnaire dis- 
tributed on vault ventilation it is evident that there is still 
much to be learned regarding basic necessity for heat con- 
trol in transformer vaults and the prolonged effect of over- 
heated vaults on transformers, circuit breaker, cables, etc., 
installed therein. The committee recommends further study 
on this subject so that the necessary formula for the 
calculation of air flow with natural and forced ventilation 
may be determined. 

Replies from the various companies indicate that the net 
cu.ft. of air space per kva. maximum transformer capacity 
in transformer vaults is estimated at from 0.6 cu.ft. to 6 
cu.ft. per kva. One company, however, gives an estimate of 
30 cu.ft. per kva. An average of all answers, not including 
the above exception, is 3 cu.ft. per kva. 

The report states that there is practically no data available 
for calculating the air flow for natural ventilation. It gives, 
however, detailed test data submitted by two companies on 
their standard transformer vaults. These tests covered 
natural and various types of forced ventilation; however, the 
committee concluded that due to there not being a sufficient 
number of tests conducted, no definite final conclusions could 
be arrived at. 


CALCULATION OF CABLE TEMPERATURES IN SUBWAY DUCTS 


This report was prepared by W. B. Kirke, outside plant 
engineer of the Brooklyn Edison Company and was presented 
at a recent meeting of the underground systems committee. 

The report gives a comprehensive survey of the whole 
problem of cable temperatures by consolidating information 
on cable temperature characteristics with the equally im- 
portant problem of ascertaining the characteristics of the 
duct structure when the cable circuits are subjected to the 
cyclic loads usually found in practice. 

Much of the information covered in the foregoing two 
reports is repeated. The contents of the report are such that 
a summary, other than that mentioned above, cannot readily 
be made. The theory and development of formula, etc., of 
cable temperature determination are given and fully ex- 
plained step by step. It will well repay those engineers who 
are intimately interested in this subject to study the entire 
report, especially that part dealing with the determination 
of the temperatures in loaded duct structures, and with the 
behavior of cables carrying cyclic loads. 


Application of A.C. Network System* 


The first application of low voltage a.c. network was 
made on the Pacific Coast by the Puget Sound Power 
and Light Company in 1922, but up until last year this 
type of installation has not been in use in California. 
This report concerns itself with a description of the 
protectors tried out and with the details of the installa- 
tion made by the Pacific Gas and Electric Company in 
order to supply service to a number of large office build- 
ings in the downtown district. 





* Report of subcommittee on application of a.c, network, under- 
ground systems committee, Engineering Section. P. E. Chapman, 
chairman. C. V. Fairchild, G. H. Hagar, D. C. Harker, R, G. Harris, 

. EK. Ingalls, C. H. Jenkins, D. J. Kelly, G. P. Mackenzie, Z. T, 


. 
Pettit. 
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Fig. 1. Existing network in San Francisco. 


HE first application of low voltage a.c. network was 

made by the Puget Sound Power & Light Company of 
Seattle in 1922. The Pacific Coast therefore was a pioneer 
in developing the first system of this type of installation. 
Other utilities on this coast were slow to follow the example 
of the Puget Sound Power & Light Company. Although 
many network systems have been inaugurated since 1922 in 
the Eastern, Southern and Middle sections of the United 


States, no record can be found of any installation made in 
California until 1930. 


APPLICATIONS IN CALIFORNIA 


The engineers of the Pacific Gas and Electric Company 
have been considering the application of the network system 
in the cities of Oakland and San Francisco for some time. 
Answers to inquiries sent out to other utilities in California 
disclose that a number of companies have been making a 
study of the network system but have as yet no definite facts 
to report. The application of the a.c. network system there- 
fore is limited to the system installed in San Francisco by 
the Pacific Gas and Electric Company. The Southern Cali- 
fornia Edison Company has been making a study of the Long 
Beach underground system but has reached no decision as to 
whether the network system will be advisable or not. The 
Department of Water and Power of the City of Los Angeles 
has decided to continue the use of automatic transfer switches 
on the primary transformer banks, feeling that the cost and 
reliability would be about the equivalent of a network system. 


First INSTALLATIONS 


The installation of a low voltage a.c. network system in 
the new Shell Building in San Francisco and in the streets 
in the vicinity is the first application in California. 

DESCRIPTION OF PROTECTORS 


In the consideration of a network system it was decided 
to try out protectors made by two manufacturers. A brief 
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description of the protector furnished by the General Electric 
Company follows: 

The network protector itself consists of a motor or 
solenoid operated air circuit breaker, operated automatically 
by relays, generally two; a three-element relay to open the 
breaker on reverse power and act as a voltage directional 
relay on closing, and a single-element phasing relay which 
prevents reclosure when the incoming transformer voltage 
lags the network voltage. This feature prevents pumping 
of the protectors through voltage displacements caused by in- 
duction regulators and cable charging currents. 





Fig. 2. Showing first 200-kva. transformer opposite the ninth floor 
of the Shell Building at Bush and Battery Sts. 


The breaker mechanism allows either hand or automatic 
operation and is arranged to be trip-free in any position. 
Fuses of high ampere rating are provided as a final protec- 
tion for the breaker in the event of failure to clear shorts. 

The entire mechanism is quite accessible and may be re- 
moved while both sides of the protector are hot. The relays 
are easily removed for inspection or test. The number of 
wearing parts are reduced to a minimum and such parts ae 
contact tips, fuses, etc., are easily changed. 

Protectors may be of either the open or enclosed type, 
and are supplied in several ratings such as 500, 800, 1,200, 
1,600 and 2,000-amp. 

A brief description of the Westinghouse type CM-2 auto- 
matic network protector is as follows: 

The complete protector is mounted on an ebony asbestos 
panel, the operating mechanism on the left, the three-pole 
circuit breaker on the right and the master relays and con- 
trol details on a swinging steel panel in front. 

The breaker itself is of the butt contact construction and 
is equipped with main contacts made of pure silver plate and 
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arcing tips of copper. Powerful springs behind the moving 
contacts provide contact pressure. Connections to the breaker 
are designed so that it may be disconnected from the sec- 
ondary network and the distribution transformer without 
removing the cables. 

A very simple rugged operating mechanism is used, which 
was especially designed so that no triggers are in motion dur- 
ing the closing operation. Possible failure to close is thereby 
reduced to a minimum. The mechanism is mechanically 
tripped free and motor operated. Tripping is accomplished 
by means of a shunt trip device which will trip at as low as 
15 volts. 

The entire operation of the protector is controlled by two 
relays—one known as the type CN-3, three-phase, master 
relay and the other as type CNA single-phase, phasing relay. 
The CN-3 relay has three electro-magnets each equipped 
with a potential, phasing and current circuit. The phasing 
coil together with the potential coil control the closing opera- 


Fig. 3. Last of three 200-kva. transformers arriving at the 29th 
floor of the Shell Building. 


tion of the protector while the current coil, together with the 
potential coil, controls its opening on reverse current. With 
the master relay alone, there are possible system conditions 
which might cause pumping. The CNA relay takes care of 
these conditions and does not close its contacts unless con- 
ditions are such that the three-phase relay will not trip the 
circuit breaker immediately after the circuit breaker closes. 
The relays are so mounted that the removal of the terminal 
screws disconnects them both mechanically and electrically 
without disturbing any of the wiring. By this same mount- 
ing the relays can be disconnected for testing without re- 
moving them from the panel. 
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The entire protector unit is mounted inside a water-tight 
welded sheet steel housing, the cover of which may be hinged 
on either side. The cover is clamped to the base against 
double gaskets by means of “C” clamp bolts. Two windows 
of non-shatterable glass are provided through which the 
operation counter, position indicator and the condition of the 
fuses and circuit breakers can be seen. An external operat- 
ing hand is provided which may be used to open or close 
the protector or to lock it in the neutral or open position. 


Test INSTALLATION 


Before placing in use any of the network protectors which 
are necessary in a low voltage a.c. network system a trial 
installation was set up in the transformer shop of the Pacific 
Gas and Electric Company in San Francisco. The picture of 
this installation and the wiring diagram are given in this 
report. The protectors were set up in a temporary manner 
for the purpose of inspection and experimental test to de- 
termine the correctness of the claims made for them. There 
was only one 3-phase delta-connected service available, so two 
banks of six transformers each were used to break up this 
service into two separate four-wire Y-connected secondaries. 
Six 300-watt lamps were used to constitute a network system 
and load. 


The following tests were made: 
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Fig.4. Wiring diagram of the Shell Building network system. 
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Fig.5. A network protector set up for test. 


Test No. 1. 


One of the protectors was put in service and functioned promptly 
but when potential was applied to the second one, it did not respond 
due to the potential being the same on both sides of the open pro- 
tector. This operation was correct, as claimed. 


Test No. 2. 


Reactors were inserted between the lamps, as shown by the 
resistance “A.” The same order was followed but the second pro- 
tector failed to close due to phase displacement caused by the 
reactors holding the phasing relay contacts open. This condition 
was also correct. 
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Fig.6. Connections used for trying out network protector opera- 
tion. Note: A—Resistance inserted to obtain higher voltage on 
transformer side of open protector. B—Resistance inserted to 
obtain sufficient reverse current; transformer execution inadequate. 
1—Transformer connected to give two separate star banks. 
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Test No. 8. 


Resistors were substituted for reactors and the same test made. 
Both protectors functioned properly in regular order due to the 


higher voltage on the transformer side of the open or second 
protector. 


Test No. §. 


Both banks were feeding the network through their respective 
protectors. Switch “C” was open, the polyphase relay reversed 
due to reversed current caused by the exciting current of the trans- 
former bank. After a few seconds the protector fed from switch 
“C” opened. This operation was correct as claimed. 

NoTE: Resistors “B’’ were used to augment the reverse current 
as the exciting current of the small transformers was insufficient 
to cause the polyphase relay to reach the opening point. 


Test No. &. 


The trip-free arrangement operated successfully when an attempt 
was made to close the open protector against a dead transformer 
bank. 


Test No. 6. 


One of the transformers on one of the banks was reversed. The 
protector was held open by the action of the polyphase relay and 
therefore could not have closed when potential was applied to the 
transformer. This operation was also correct. 


All of the claims made for the protectors were found to 
be correct. However, it would not be advisable to depend too 
much on the trip-free feature as a safety measure. The 
operation of the trip-free mechanism is performed by the 
potential of the network energizing the trip coil. Momen- 
tarily the transformers and feeders are energized while the 
attempt is being made to close the protector by hand. The 
maximum voltage obtainable during this short period reached 
approximately 30 per cent for a fraction of a second. How- 
ever, if the trip coil should burn out or develop an open 
circuit, it would be possible to close the protector by hand 
against a dead bank and feeder. This would, of course, ener- 
gize the transformers and feeders from the network system. 

Great care must therefore be exercised in closing the pro- 
tectors by hand, and this should be done only by authorized 
persons. 
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THE SHELL BUILDING 


The new 29-story Shell Oil Building, at the northwest 
corner of Bush and Battery Sts., presents the first network 
to go in service in California. 

The original request for service called for transformers 
at the 29th floor to supply the elevator load, with trans- 
formers at the street level, or in the basement, to supply the 
lighting load, together with double throw service on all 
equipment. Consideration of these points led to the con- 
clusion that the most economical method of supply would 
be a network system, supplying 120/208 volts three phase 
for both lighting and power. 

Primary supply for this arrangement was laid out from 
two stations. A new 250,000-circ.mil three-conductor cable 
was run from an existing feeder from Station “C” to supply 
the transformers in a manhole in the street in front of the 
Shell Building. An extension from an existing feeder from 
Station “J” was made to supply the transformers on the 
roof; the two connected through the necessary network equip- 
ment to a bus work running the entire length of the building. 
The feeders supply load to the usual radial system and there- 
fore cannot be removed from service without dropping load. 
It was necessary then to provide for ties to other feeders 
which would not be advisable in a standard network. 

The following arrangement of transformers was made: 

Three 200-kva., 2,300/120-volt, low loss type, 3 per cent 
reactance transformers were installed in a vault on the 29th 
floor. This 600-kva. bank will probably be larger than neces- 
sary to supply the load, but due to the difficulty of installing, 
it was felt advisable to put in over-capacity, in order to ob- 
viate future difficulties when and if the load grew beyond 
the capacity which could be supplied from a smaller bank. 





Fig.7. Westinghouse subway type CM-2 1,600-amp. network pro- 

tector. The housing door is closed, showing position indicating 

lamps and operation counter visible through left hand non-shatter- 

able glass window. Protector breaker, protector main and control 
fuses can be observed through right window. 
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A transformer manhole was built in the street adjacent 
to the building and in this vault three 150-kva., 2,300-/120- 
volt, low loss type, 3 per cent reactance transformers are 
installed. On the secondary side there is one 2,000-amp. 
non-submersible type network protector installed in the vault 
on the 29th floor. In the manhole one 1,600--amp. submersi- 
ble type network protector is installed. In addition, one 
2,000-amp. submersible type network protector was installed 
in the sub-basement, in order to prevent backfeed through 
the building to the street. The larger capacity protector, 
together with the one in the sub-basement, were installed to 
comply with the demands of the Department of Electricity. 

All of the above equipment was installed by the Pacific 
Gas and Electric Company. 


The secondary bus work between the 29th floor vault and 
the sub-basement, as well as the primary between the same 
points, was installed by and is the property of the Shell 
Building. 

Primary and secondary conductors within the building 
have points of interest both from an electrical and a me- 
chanical standpoint. The primary is a four-conductor 2/0 
19-strand tinned copper cable with insulation sufficient for 
11,000 volts, with which it is proposed ultimately to supply 
the network system. Each conductor is taped with 0.005 
tinned copper tape, and the entire cable armored with No. 10 
B.W.G. galvanized wire. The over-all diameter is 3.03 in. 
The cable is supported from the top only by means of the 
anchor wires, which are carried over an anchoring pin and 
brought back upon themselves where they are served. At 
the top and bottom the cable is brought out of the riser 
pipe through L-shaped pull cans. On the horizontal runs 
the cable is unarmored. To comply with the ruling of the 
Department of Electricity, an oil switch is installed in the 
sub-basement in order to permit killing the primary feeder 
to the 29th floor. Oil fuse cutouts are installed on all trans- 
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Fig.8. Westinghouse subway type CM-2 1,600-amp. network pro- 
tector with housing door open and hinged relay panel closed. 
Double arcing contacts of the protector breaker can be seen 
directly above relay panel. Motor operated closing mechanism 
is mounted separately and to the left of the protector breaker. 
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Fig. 11. Wiring diagram, network protectors Type MG-6 and MG-7, General Electric Company. 
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formers within the building as well as on the oil switch to 


permit taking the equipment out of service. This protection 
is needed, due to the feeder being one which supplies other 
load not connected to the network, thus not allowing the 
disconnecting of the feeder at the station. 

The secondary bus between network protectors consists of 
four 3-in. (inside diameter) standard pipe size 99-per cent 
conductivity copper tubes, cut in half, at the fourteenth floor. 
The upper half of each conductor is hung by means of an 
insulated bolt passing through a copper cap screwed to the 
end of the tube. The lower half is supported as a column 
upon a slab of fiber placed upon a concrete footing. At the 
middle, in order to permit expansion, the upper tube slides 
over the lower tube. 

Cast copper fittings connected with 18 1/0 flexible cables 
connect the two sections of each bus. Approximately 6 ft. 
apart are transite supports, which prevent side sway, but 
permit movement of the bus, due to temperature changes. 
Special lugs at each floor connect the bus with panel-boards. 
The entire bus installation is placed in a vertical shaft, 
extending the entire depth of the building. 


The load is metered by means of current transformers at 
each end of the bus, connected to a totalizing meter in the 
meter room on the 29th floor. The elevator load is sub- 
metered at this point. By means of a specially constructed 
relay, the elevator meter demand is automatically sub- 
tracted from the demand on the totalizing meter. 








TYPE CN-3 NETWORK 
MASTER. RELAY 


YPE CNA NETWORK 
PHASING RELAY 





THE First STREET A.c. NETWORK IN SAN FRANCISCO 


During the recent years the Pacific Gas and Electric Com- 
pany has been faced with the problem of supplying service 
to numerous large buildings in a comparatively small part of 
the downtown district. The first few of these buildings were 
furnished service from a transformer bank connected through 
an automatic primary double throw switch to either of two 
primary feeders. In case of trouble on that feeder the load 
would automatically be transferred to the standby primary 
feeder. 

In the early part of 1929, construction work was com- 
menced on the Stock Exchange Building at the southwest 
corner of Pine and Sansome. The estimated a.c. load for this 
building was 440 kw. in lighting and 450 hp. in power. 

While plans and estimates were being prepared for sup- 
plying this building, the Shell Building at the northwest 
corner of Bush and Battery was started. The estimated a.c. 
joad for this building was 1,134 kw. in lighting and 998 kw. 
in power. 

On account of these buildings being so close together, it 
was decided to make this load the start of an a.c. four-wire, 
120/208-volt Y-network. 

After consultation with the building engineers and archi- 
tects it was decided to supply the Shell Building from a 
bank of three 150-kva. transformers, connected for four-wire 
120/208-volt Y-secondary, located in a vault on Battery St. 
about 75 ft. north of Bush and from a bank of three 200-kva. 
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Fig. 12. Wiring diagram of Westinghouse CM-2 network protector. 
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transformers, located on the 29th floor of this building. To 
supply these two banks of transformers, it was decided to 
use primary feeder J-5 feeding from substation “J” located 
at Commercial and Leidesdorff and primary feeder C-11 feed- 
ing from substation “C,” located on Jessie east of Fourth 
St. Both of these feeders were three-phase 4-kv. distribution 
feeders, with a certain amount of other load on them. 


The secondary of the three 150-kva. transformers in the 
street vault were connected to the street mains through a 
1,600-amp. network protector. From the mains two sets of 
three 500,000-circ.mil simplex cables and two 4/0 weather- 
proof neutrals were taken into the Shell Building. The bank 
of three 200-kva. transformers on the 29th floor was con- 
nected through a 1,600-amp. network protector to four 
copper tubes which run from the 29th floor to the basement 
of the building. To prevent the bank on the roof from feed- 
ing current out into the street, a network protector was con- 
nected between the copper bus and the service feeding im 
from the street. This protector was connected up so that it 


would open up when power was sent out into the street from 
the building bus. 


The Stock Exchange Building is supplied from a bank of 
three 150-kva. transformers located in sidewalk vault on 
Sansome about 100 ft. south of Pine. These transformers 
are energized by primary feeder J-8 feeding from Station 
‘J”. The transformers are connected up for four-wire 120/- 
208-volt Y-secondary and are connected to the street mains 
through a 1,600-amp. network protector. From the street 
mains two sets of three 500,000-circ.mil simplex cables and 
two 4/0 weatherproof neutrals are taken into the building to 
supply the a.c. load. 

To connect the transformer banks at Bush and Battery 
with the one at Pine and Sansome three 500,000-circ.mil sim- 
plex cables and one 4/0 weatherproof neutral were run 
around the block bounded by Pine, Bush, Sansome and 
Battery. 

While the above work was being done, remodeling and en- 
larging of the Crown Zellerbach Building at Sansome and 
Halleck was commenced. The load in this building was esti- 
mated at 75 kw. in lighting and 200 hp. in power. Three 
100-kva. transformers supplied from primary feeder J-5 were 
installed in a street vault at this location and were connected 
to the street mains through a 1,600-amp. network protector. 
Three 500,000-circ.mil simplex cables and one 4/0 wéather- 
proof neutral were pulled in on Sansome from Halleck to 
Pine to connect this bank with the loop feeding the Stock 
Exchange and the Shell Building. 

The Printers Building at Sansome and Merchant has a 
bank of three 100-kva. transformers supplied from primary 
feeder J-3 connected Y and it was proposed to tie this bank 
to the rest of the network. Two sets of three 250,000-cire.mil 
simplex cables and two 250,000-cire.mil neutrals were pulled 
in on Sansome between Halleck and Merchant. The reason 
for using two sets of three 250,000-cire.mil cables instead of 
three 500,000-cire.mil cables is due to the difficulty which 
might be encountered burning a fault clear with cable as 
large as 500,000-cire.mil. It was decided to use bare neutral 
cable rather than weatherproof in the network, the theory 
being that the weatherproofing generates considerable gas 
while in a duct when a fault is being burnt clear. 

A later extension of the network to supply the Title In- 
surance Building on Montgomery, north of Sutter, called for 
the pulling in for some 600 ft. of three 250,000-cire.mil sim- 
plex cables and one 250,000-cire.mil neutral to supply a light- 
ing load of 150 kw. and a power load of 75 hp. 


The present transformer banks are protected on the pri- 
mary side by D&W oil-fused cutouts. This is necessary at 
the present time because the four primary feeders supplying 
the five transformer banks feed a number of banks of trans- 
formers not in the network. 
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Locating Faults in Underground 
Cables* 


Methods of locating faults on underground and sub- 


marine cables are briefly discussed in the following 
report. 


| eeeaParane may be divided into three classes, shorts, opens, 
anc grounds. 

The methods of locating faults may be classified under 
four main headings as follows: 

1. Direct inspection and equipment, which we will call the 
“sean and sniff” method. This is a direct inspection of cables 
in the manhole. 

2. The “cut and try” method which consists of opening 
the conductor and testing each way with test lamps, volt- 
meters, or magneto sets. 

38. The use of instruments or test sets to determine the 
theoretical location of the fault. The most common method 
consists of the use of a Wheatstone bridge by which the 
resistance is measured from the point of test to the fault 
and the distance then computed. 

4. The use of instruments or test sets which lead the in- 
spector to the fault and say, “There it is.” Apparatus avail- 
able for this work consists of an analyzer for determining 
the nature of the fault and an interrupter and exploring 
coil for the actual location of the fault. The method consists 
first in analyzing the fault and, if of high resistance, break- 
ing it down and carbonizing it by means of current from 
“step-up” transformers. Once a permanent ground is estab- 
lished, current is fed the conductor through the interrupter. 
Then, by means of an exploring coil with telephone and head 
band attached, the inspector is able to follow the course of 
the cable and determine by the sound in the telephone re- 
ceiver when he has reached the fault. 


SUBMARINE CABLES 


Submarine cables present a vastly different problem as 
inspection is impossible without raising or underrunning the 
cable, which is an expensive and difficult operation and may 
cause damage to splices and insulation. 

A fault in a submarine cable, if of high resistance, is 
usually broken down by sending over the faulty conductor 
sufficient current of high enough potential to break down the 
resistance of the fault and create a good ground. The dis- 
tance of the fault from the shore can be roughly determined 
by volt and ampere readings, after which the repair barge 
ss sent to the shore nearer the fault for underrunning the 
cable. Arter the cable has been brought over the sheaves on 
the barge and is underrun, a feeble direct current is sent 
over the faulty conductor to ground and the drop in poten- 
dial of the return current is taken on the armor of the cable 
between the two sheaves by use of the millivolt meter. The 
direction of the current as indicated on the millivolt meter, 
due to the difference in potential, will determine whether or 
not the fault has been reached or passed. This method is 
described in a previous report which appeared in the Pacific 
Coast Electrical Association Proceedings, 1926, Page 219, 
under the caption, “Repairing the Golden Gate Submarine 
cables.” This method is accurate and dependable even when 
there is no visible indication of a burn on the armor. 

Another method, also used with complete success, employs 
a radio set embodying the principles of the radio compass. 

A 10-amp., 220-volt, 500-cycle alternating current is im- 
pressed on the cable intermittently by means of an ordinary 
sign flasher and a portable generator mounted on a trailer. 





* Report of subcommittee on cable faults, underground systems 
committee, Engineering Section. W. K. Cullen, chairman. C. BE. 
liiggs, P. E. Chapman, C. H. Jenkins, D. J. Kelly, T. T. Kennedy, 
J. C. McClung, A, C, Putnam, Percy Robinson. 
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A rectangular loop 2x3 ft. is carried on a launch and the 
tone produced by the field of the cable is amplified by the 
radio set, thus producing a note in the ear-phones equivalent 
to middle “C” of the musical scale. 

Customarily the launch follows the course of the cable until 
the fault is reached and stands by over the fault directing 
the repair barge where to drop the grapnel. Under adverse 
tide and wind conditions, the fault has never been missed 
more than 150 ft. and several times it was found on the 
grapnel when hoisted to the surface. The time required to 
locate a fault is the time required to sail from the shore to 
the fault. 

The set can also be used to locate the position of cables 
while in service, the only difference being a hum of lower 
tone in the receivers. The hum is first picked up at a dis- 
tance of 500 ft. and increases in intensity as the cable is 
approached. No difficulty has been encountered in locating 
faults in 130 ft. of water, the greatest depth in which trouble 
has thus far been experienced. Under this method no under- 
running is necessary except for inspection when the cable 
has been damaged by a propeller, anchor, or boat keel, and it 
is unnecessary to burn the cable for the purpose of breaking 
down the insulation, as the flash which occurs when the cable 
fails is sufficient to insure a good ground. 

The committee recommends that drills be established by 
the member companies so as to acquaint the men with the 
various sounds and noises which indicate the various types 
and locations of trouble. They believe that, with this method 
of educating the men, the fault finding apparatus would 
become of greater value and would be more frequently used. 


Pulling Stress of Cable Through Vari- 
ous Types of Duct, With a Study of 
Various Types of Duct, Their Merit 
and A pplication* 


This report is a summary of replies received from 
members of the underground systems committee relative 
to the investigation of pulling stress on cable being 
pulled through the various types of duct and of the 
investigation of some of the physical characteristics of 
different duct materials. This report in an abbreviated 
form was presented at the September, 1929, meeting held 
in San Francisco. It has since been amended to include 
information obtained from members and from tests made 


in Oakland by the Pacific Gas and Electric Company 
since that date. 


_ following compilation of data on the various condi- 

tions which affect stress on cable being drawn into duct 
lines has been arranged under headings indicating the most 
important factors involved. They are: lubrication, frictional 
resistance of duct material, clearance in duct, curvature of 
duct, length of cable, and pulling speed. 

There is, however, in addition to these the important factor 
of duct line construction and alignment which, aside from 
comparative tests on cable, must in practice have an im- 
portant effect on stress. The difficulty of securing data on 
this as an independent factor is obvious. 


LUBRICATION 


The most commonly used lubricants are grease, dry 


powdered soapstone, and a mixture of powdered soapstone 


* Report of subcommittee on conduit, underground systems com- 
mittee, Engineering Section. H, C. Moyer, cairman. M. N. Clark, 
WwW. C. Curl, R. G. Harris, G. L. Hill, C. H. Jenkins, D. J. Kelly, 


T. T. Kennedy, G. P, Mackenzie, J. P. Robinson, Vinton Smith. 
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and grease. 


There are also a number of commercial com- 
pounds for which their respective manufacturers make high 


claims. Two of these were made the subject of test in our 
general comparative test of lubricants. 

Of the ordinary lubricants, a mixture of soapstone and 
grease, according to tests made by an eastern cable manufac- 
turer proved the most effective in both the concrete and the 
fiber duct in which the tests were made. Of the other two 
subjected to the test, the powdered soapstone proved the most 
effective in the concrete duct, whereas in the fiber duct 
grease was superior. 

Tests made by the Pacific Gas and Electric Company in 
Oakland, in which one or the other of two commercial com- 
pounds, that is, common grease and powdered soapstone and 
grease, were used, were more in the nature of a test of 
effectiveness of lubrication in combating various physical 
difficulties. Data incident to the test showed the two com- 
pounds to have nearly the same effectiveness as lubricants. 

The test was made with 750,000-cire.mil three-conductor 
11,000-volt cable weighing 16 lb. per foot pulled into a 4-in. 


fiber duct. All conditions other than those stated were made 
as nearly as possible identical. The following result was 
shown: 


Condition of Cable Tension at 400 Ft. 


Without grease or other lubricant............................. 4,000 lb. 
Using Glidden Graphite grease.....................-.-..cesceeees-ee 1,200 Ib. 
Glidden Graphite, through water.......................... aston aa 
Glidden long curve in duct line....................................1,400 Ib. 


The results of these and other tests showed the pulling 
stress of greased cable to average about 30 per cent of the 
ungreased. 

FRICTIONAL RESISTANCE OF DucT MATERIALS 

A test made by the Pacific Gas and Electric Company 
under the following conditions showed results as here 
reported: 

A 325-ft. section of duct line was constructed to contain one 
soapstone duct, one cement and one sawdust duct, one fiber 
duct, and one concrete duct. Comparative pulling tension 
tests were made in each of these ducts with a 325-ft. length 
of 500,000-circ.mil three-conductor 11,000-volt cable weigh- 
ing 12 Ib. per foot. Glidden Graphite grease was used in all 
these tests. A Marten-Loomis dynamometer carefully cali- 
brated with the pulling line was used to record tension. Maxi- 
mum tensions at 325 ft. on each of these were as follows: 


Soapstone . caaceinehsiasietinoeneea 875 lb. 
Cement and sawdust ....--1,000 Ib. 
Fiber ..... i shite decal cnindditedcitmentaniied 1,300 Ib. 
IN ci neitticnnnininnteiskaog shinies . . 1,375 lb. 


It would seem the particular advantage in the use of 
material offering lower frictional resistance is that it permits 
longer duct sections. 

An Eastern company reports that in pulling one 350,000- 
cire.mil three-conductor cable, 2.95 in. in diameter, weighing 
11.6 lb. per foot, into a 5-in. monolithic duct, and using 
powdered soapstone as a lubricant, the stress ranged as 
follows: 


Feet = J , 200 100 600 S00 900 


5,800 


Tension in Ib.......1,500 2,400 3,500 5,000 


Compare these tests with Pacific Gas and Electric Company 
tests made in Oakland where a 750,000-cire.mil three-con- 
ductor cable, 3.02 in. in diameter, weighing 16 lb. per foot, 
and lubricated with graphite grease was pulled into a 4-in. 
fiber duct, showing results as follows: 


Feet . 
Tensiow: in i... .. 600 700 850 


paseecnen acehiiiaie,. ae 200 300 400 
1,200 


The advantage, from the standpoint of the frictional re- 
sistance of the duct, seems to be considerably in favor of fiber 
in comparision with monolithic duct. 
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Comparing fiber with concrete, a Southern company reports 


results considerably in favor of fiber. One 4-in. fiber and one 
4-in. concrete duct, each 110 ft. in length, were subjected to 
the test. One 4/0, two 500,000-cire.mil lead covered cables, 
and one 4/0 bare copper wire were pulled into each duct. 
Results were as follows: 

25 ft. 50 ft. 
450 lb. 
250 Ib. 


110 ft. 
750 Ib. 
470 lb. 


Concrete 
BE ii aorhentgicenecance ti ae 150 Ib. 


Worthy of note was the fact that the increase in tension 
was, with the fiber, steady, while with the concrete, unsteady. 


CLEARANCE IN Duct 


No absolutely definite rule can be laid down for clearance. 
It is obvious that in a short, straight, dry duct, offering low 
frictional resistance, less clearance will be required than will 
be necessary under other conditions. At times the require- 
ment of economy and expediency will also influence operations. 

Conservative practice will, however, ordinarily require that 
a single cable should be installed in a duct with a diameter 
at least % in. greater than that of the cable. Where more 
than one cable is installed in a duct the diameter of the duct 
should be at least % in. greater than a circle enclosing all of 
the cables. A factor to be considered in this connection is 


the wedging action of several cables in a duct, particularly 
when they are of large size. 


CURVATURE OF DucT 


It has been found that with radii of curvature greater than 
300 ft. with ample clearance between cable and duct, the 
effect of curvature on the pulling tension is not very pro- 
nounced. With decreasing curvature, however, the effect be- 
comes of considerable importance. 

A number of tests, as reported by one company, were made 
in an attempt to establish some approximate relationship be- 
tween curvature and tension. The results were obtained with 
experimental conduit 100 ft. in length. The alignment of 
the conduits consisted of one straight and one curved section, 
each 50 ft. long, the curved section having radii varying from 
70 ft. to 250 ft. The cable was installed by being fed in at 
the curved portion of the conduit. The pulling tension in 
per cent of tension for straight duct was found to be approxi- 
mately 105 per cent for a radius of 300 ft., 140 per cent for 
a radius of 140 ft., and 200 per cent for a radius of 100 ft. 

In practice, with certain exceptions, it is advisable to ar- 
range pulling operations so that the cable is fed in at the end 
nearest the sharpest and longest curves. The reason for this 
is obvious when it is remembered that the tension on the 
cable as it enters the curve depends on the weight of cable 
back of this point toward the feeding end. 


LENGTH OF CABLE 

The length of section possible is determined largely by the 
quality of the duct material, and the weight and strength of 
the cable. The length, in brief, should be limited to that 
which will not cause an excessive tension on the cable when 
being pulled into the duct. The stress should not be such as 
will cause scoring, gouging, deformation, etc., and under no 
condition should the stress be such as to cause permanent 
elongation of the copper. 

A conservative rule, as suggested by a cable manufacturer, 
allows a pulling tension of 0.75 times the total weight of 
cable being pulled. 

Length of sections up to 1,000 ft. were reported in which 
350,000-cire.mil three-conductor cable 2.95 in. in diameter, 
weighing 11.6 lb. per foot, was pulled into a 5-in. concrete 
duct. 

PULLING SPEED 


The permissible pulling speed of cable in a duct will vary 
under different conditions, duct section, and cable size. Ex- 
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perience seems to show that in a clear straight duct a single 
cable can best be pulled in at a speed of about 75 ft. per 
minute. When this speed is exceeded, difficulties arise in 
feeding the cable and in giving it a visual inspection at the 
manhole entrance. 

Higher pulling speed it would seem should reduce labor 
cost, but, since a large amount of time is consumed in opera- 
tions other than pulling, the amount of work that can be done 
in a day is by no means proportionate. 

Tests seem to indicate that speed affects tension only 
slightly. 

In practice, the pulling line over-tension sometimes has the 
effect of causing a slackening off and lurching forward of the 
cable, thus increasing the indicated tension. Tests made show 
this is more pronounced at higher speed. 


VARIOUS TYPES OF CONDUIT 


A study of some of the physical characteristics of the 
various types of conduit has been undertaken by the Pacific 
Gas and Electric Company in Oakland and some interesting 
results have been obtained. The materials under considera- 
tion are: wood, cement mixed with sawdust, steel pipe, multi- 
square vitrified clay, cement mixed with asbestos, soapstone 
mixed with cement, fiber, and cement. 


Woop 

While we have made no direct experiments on wood as a 
material for conduit, we have gathered considerable data on 
the subject. We find that because of the ascetic acid which 
all wood, whether treated or untreated, is known to contain, 
and because of the detrimental effect of acetic acid upon 
iead, wood is not a’ satisfactory material for conduit unless 
precautions are taken to neutralize the effect of the acid. 


CEMENT MIXED WITH SAWDUST 


Only one duct in one section of this material has been used 
by us and no tests other than a pulling tension test have been 
made on it. We would assume from our study of wood duct 
that because of the wood content this material is unsatis- 
factory for conduit without special precautions. 


STEEL PIPE 


We have used black steel pipe in this vicinity for many 
years as pole risers, underground service conduit, and in some 
instances as regular duct line sections where abnormal con- 
ditions existed. Other than its excessive cost, it has been 
found very satisfactory. 


MULTI-SQUARE VITRIFIED CLAY 


The use of this type of duct with the Pacific Gas and 
Electric Company has been curtailed because of poor separa- 
tion of cables, especially at the joints. It is highly abrasive 
to lead sheath, and the pulling stress on heavy cable in the 
duct is very high. 


CEMENT MIXED WITH ASBESTOS 
This duct is still under test and a report will be made later. 


CEMENT MIXED WITH SOAPSTONE AND FIRE CLAY, KNOWN AS 
“SOAPSTONE DUCT” 

This is a comparitively new product and gives promise of 
being a very satisfactory material. Chemical and other tests 
have been made on it in our laboratory and in the field. A 
chemical test shows it to contain no material detrimental to 
lead. 

Pulling tension tests in this duct show it to have a decided 
advantage over fiber or concrete in this respect. 

A strength test was made on 3-ft. sections laid as a beam 
across fulcrums 30 in. apart and load applied at the rate of 
500 lb. per minute and the load recorded at failure. The 
sections failed at an average of 700-lb. load when dry, 400-lb. 
after three weeks submersion, and after twelve weeks re- 
covery of the submerged sections, 600-lb. 
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A moisture absorption test was made by submerging a dry 
3-ft. section for 24 hours. The absorption was found to be 
4.9 per cent by weight. 

A wearing test was made by pulling a short section of 
cable weighing 40 lb. back and forth through a section of 
duct until it had traveled 2,000 ft. at an average speed of 
30 ft. per minute. At the completion of this test, the duct 
was only very slightly worn, and there was very little wear 
to the cable sheath. 

An arc test was made by casting a short section of duct 
in a concrete envelope and two very heavy copper bars in- 
serted, one from each end. An arc was set up, approximately 
4,400 amp. at 460 volts, and held for 30 second in short in- 
tervals, after which the envelope was broken at the point 
where the arc was applied and examination made. It was 
found that about 12 in. of the duct had been destroyed, and 
that for a distance of about 6 in. the duct had been burned 
totally away, and that about %4 in. of the concrete envelope 
had been burned away to a sharp slag. 

The test seemed to show that the material left from de- 
stroyed soapstone was flakes rather than sharp slag as if 
left from concrete, thus making it less injurious to cable. 


Fiper Duct 


An arc test similar to the test made on soapstone duct was 
made on a short section of fiber duct cast in a concrete en- 
velope. Two tests of 2 sec. each were made with a current 
value of about 3,700 amp. at 460 volts. The duct continued to 
burn after each test and the duct wall burned through to 
the concrete envelope for a distance of 10 in. where concrete 
slag began to form. Recently in one of our fiber duct lines, 
one cable failed and took the cable in the adjacent duct with 
it after burning through the fiber and a 1-in. concrete 
separation. 

Considering fiber duct, moisture is undoubtedly injurious 
to its strength. Three months immersion showed a 48 per 
cent loss of strength. Some flaking also has been noted in 
rodding wet fiber duct lines. Fiber has no recovery when wet 
for a period of time as has concrete and soapstone. 

A test was made on fiber duct to determine the effects of 
excessive heat on a cable lying in a duct to find out the possi- 
bility of its sticking to the duct because of the melting or 
partial melting of the filler. A section of cable was pulled 
into a cold duct with a maximum of 213-lb. pulling tension. 
A temperature of 60 deg. C. was maintained for a period of 
six weeks, then 100 deg. C. was applied for a short time, 
after which the whole cable was allowed to cool. The start- 
ing tension when cold was 1,600 Ib. 


CEMENT 


Cement duct as we know it in this vicinity (only that 
manufactured here has been used) has been employed by us 
in large quantities. Laboratory and field tests have been 
made on it from time to time with results as follows: 

A wear test showed that the duct pores first fill up with 
lead after which no more wear to the lead is apparent. It 
would seem that under ordinary conditions the wear is negli- 
gible. Pulling tensions are considerably higher than in soap- 
stone or fiber duct. 

A strength test was made on this product under the same 
conditions as that made on the soapstone duct. Results: 
breaking strain, dry, 975 lb., immersed three weeks, 680 Ib., 
after twelve weeks recovery of immersed section, 900 lb. 


An arc test was also made on concrete duct very similar 
to that made on soapstone and fiber. Four applications of 
short duration were made in a short section of duct with a 
current value of aboue 4,400 amp. at 460 volts. It was 
found that the duct was destroyed for about 10 in., and 
burned through to the envelope for about 4 in. The material 
left in the duct and adhering fast to the envelope was very 
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sharp slag which might be injurious to cable being drawn in. 
A chemical test shows this duct to have no content injurious 
to lead. 


The Effect of Sheath and Stray Cur- 
rents on the Actual Current Reading 
Taken With Split Core Current 
Transformers on Large Single Con- 
ductor Lead Covered Cable* 


As a result of confusion in the past in determining 
the actual current flowing in a cable when it was meas- 
ured by means of split core current transformers with 
a suitable ammeter and when the cable was covered with 
a lead sheath, it was decided to make an investigation 
of this subject during the past year. The investigation 
was divided into two component parts: first, to deter- 
mine, if possible, the extent of the error when making 
such measurements and second, to determine what prac- 
tical means could be devised to overcome this error. 


: IS well known that single-conductor lead covered cables 

handling alternating currents have currents induced in the 
lead sheath in addition to stray currents which may be flow- 
ing along the sheath in either direction. When an attempt 
is made to measure the actual current flowing in the copper 
conductor by means of a split core transformer and an indi- 
cating ammeter, the current flowing in the lead sheath will 
cause the ammeter indication to be correct. If both the con- 
ductor current and the sheath current are flowing in the 
same direction, the reading will be practically the sum of the 
two currents, and conversely, if the currents are flowing in 
opposite directions, the reading will be approximately the 
difference. 

One company reports the results of laboratory tests made 
to determine the relation between current flowing in the 
conductor and current flowing in the lead sheath under con- 
ditions where it was possible to control the two currents both 
as to magnitude and direction. As the result of these tests it 
was found that the ammeter indication was very definitely 
the result under the two readings and that it was possible to 
obtain a reading more nearly approaching the actual current 
flowing in the condenser by utilizing some form of shunt 
around the split core current transformer. To obtain satis- 
factory results, however, it is apparent that a rather large 
and clumsy shunt must be used, as the lead sheath is 02f 
sufficiently low resistance to permit a considerable portion of 
the current induced in the sheath to flow through it and 
accordingly the shunt does not divert as much current as 
is desirable. It was further found that a reading more 
nearly approaching the actual current flowing in the con- 
ductor could be obtained by interposing a reactor in the form 
of a continuous iron ring around the cable and adjacent to 
the split core current transformer and having both the re- 
actor and the split core current transformer shunted out by a 
heavy shunt. The addition of the reactor caused more cur- 
rent to be diverted around the shunt and consequently the 
readings taken with the split core current transformer and 
the ammeter more nearly approached the current flowing in 
the conductor. 


The following table will show the results of tests made 
under laboratory conditions and will give an indication of the 





* Report of subcommittee on current measurement, underground 
systems committee, Engineering Section. E, R. Stauffacher, chair- 
man. K. B. Ayres, R. R. Cowles, Wm. K., Cullen, R. G. Harris, 
Cc. G. Mansfield, G. P. Mackenzie, G. A. Riley, C. C. Potts. 
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TABLE I—tTests to determine effect of sheath currents on readings taken with split core transformer and ammeter when attempting to determine current in 


copper conductors of cable. 
Date—Jan. 13, 1930. 


Single-conductor cable used—30-ft. length—350,000-cir. mil copper—1,500-volt impregnated paper insulation— \-in. lead sheath— 








Amperes using split 
core current 





Amperes with split 
core current 


Test Amperes in Amperes in transformer transformer 
Number Conductor Sheath around cable shunted out Conditions 

Ri dcotins s Mako asksbh ooebas Da ohak ab ws pao a bes BaD a ok Geb Weis ives cue VennesAee ALLae what tk be No shunt used 

Di cs bce 5 206s wR ORY he alee Ne es a Sako nwa we ON eee es Cass accenadete 51.5.............. Shunted with one No. 8 copper conductor 

Bieta aosa eka gaan haae in Sere SN BOs tse lauces es ies h0 ie. eaees ey cote es + ae abe Same as above 

ER, cpaseae kr scdeaawertebases Bnav ccdeeee ese DEED... cs sce bs ncled | Leeehak sb akaye aes 58.0.............. Shunted with four No, 8 copper conductors 

ER OE ee ee aR rae Rs os k6xune ae Oi cdubeas Ba dece ls: és i axwitesites Same as above 

Divs White tient each eu aeees | a cee SEE BOs cous cask RS ere ere ee ee Current reversed in sheath 

Fiske hinalibs iad de Padath staat OC aS UR a Sivke sie oat Pees cient reaahe waren SOO ic. sbcastendss Current in sheath reversed from above 

Bittern cad ser tee eRe BN ou athe ee see eS eer SPOS he's. caetoavekss POs Su ksae rebar Current in sheath reversed from above, 
Reactor next to split core current trans- 
former shunted with copper wires 

Dis cu tuidedecakee ts pee SDs Pasties hae se Pe. bi aranadaaes Be Kinki cecdiia oe BOs shih want secu Same as Item 8 








magnitude of the currents flowing and the possibilities of 
simple cdrrective measures: 

From the above table it can be seen that the corrective 
results obtained under this particular set of conditions is 
not as satisfactory as wouid be desirable. 

They do indicate, however, that the use of a shunt, or a 
shunt with an additional reactor, will give an indication as 
to whether an appreciable amount of sheath current is flow- 
ing and may give some clue as to the reason of overheating 
of a single conductor lead covered cable. 


Another phase of this question and one which is fully as 
important as devising a means of measuring the current 
flowing in the conductor is to determine what practicable 
means are available and in use to minimize the amount of 
current flowing in the lead sheath. One company reports that 
the use of copper straps between the various cables in a man- 
hole seem to equalize the sheath currents on the various 
cables to the extent that the heating due to these currents 
was minimized. Another method which has been successfully 
used has been to install a heavy copper shunt between the 
neutral and the two outside leads of a three-wire 110/220-volt 
system having the heavy copper shunt in good contact with a 
lead sheath of the three cables and then to measure the cur- 
rent at some point between the power transformer and the 
shunt. The most effective method, however, is to open the 
lead sheath and interpose insulating joints so that there 
will be no possibility of any appreciable amount of current 
flowing in the lead sheath. Suitable insulating joints are 
now available for various sizes of cable and the use of them 
should in no manner invalidate the usefulness of the lead 
covered cable. Accordingly the question can be summed up 
as follows: 


First, if it is necessary that the current readings taken with a 
split core current transformer and suitable ammeter be as nearly 
correct as possible and if the installation is of a permanent nature, 
the most suitable means of being assured of correct current readings 
is to utilize an insulated joint in the lead sheath. 

Second, if it is the practice to take readings at random through- 
out an underground system, the use of a heavy shunt together with 
a suitable iron reactor which may be slipped over the cable inside of 
the shunt is advisable to obtain readings as nearly 
practicable when a split core current transformer 
are used, 


correct as 
and ammeter 


Leaded Versus Non-Leaded Cable* 


To arrive at a conclusion on such a subject, it requires 
the summary of results obtained in the field where leaded 
or non-leaded cable is used. To prepare this paper, the 


* Report of subcommittee on leaded versus non-leaded cable, under- 
ground systems committee. Engineering Section. Z. T. Pettit, chair- 
man. Wallo W. Bednarz, H. H. Buell, M. N. Clark, R. G. Harris, 
N. B. Hinson, C. H. Jenkins, D. J. Kelly, T. T. Kennedy, W. C. 
North, R. C, Smith, Vinton Smith, Wm. G. Stearns. 
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practices of various utilities have been secured so that 
as wide a view as possible could be given on the subject. 
In this discussion, underground is considered only as 


ducts constructed of fibre, concrete or iron in a conduit 
system. 


| aye information gathered in a general survey of the kind 
of cable that utility companies are using, it is evident 
that lead cable is foremost in underground systems, espe- 
cially where water or even moisture is in continual contact 
with the cable. 
FAcToR OF ECONOMY 

Economy is one of the most important questions in the use 
of leaded and non-leaded cable. 

It is true that there are limits where rubber covered or 
other non-leaded cable can be used satisfactorily with less 
cost than leaded cable. Leaded cable costs about 25 per cent 
more than rubber covered wire, which is a large item in the 
initial cost of installation. Splicing leaded cable exceeds by 
25 per cent the splicing of rubber covered. That alone is an 
important factor in the first cost. The maintenance cost of 
lead is less than that of rubber covered unless the lead has 
been abused in its installation or splicing. We are consid- 
ering rubber covered wire primarily due to its ability to re- 
sist moisture and water. Varnished cambric and weather- 
proof cable cannot be used in underground systems for 
permanent installations. In all temporary work rubber cov- 
ered is used for secondaries while varnished cambric is used 
for primaries because of reduced cost of labor and cable in 
installation. 

The favored uses of leaded cable, judging from the majority 
of practices seems to be for all underground systems of im- 
portant loads where the work is permanent and the ducts 
subject to moisture. 

There are several companies having non-leaded submarine 
cables in service. One company had unfavorable experience 
with their non-leaded installations, and in the future will use 
only leaded cable. Another company has not had their non- 
leaded cable in service long enough to determine whether it 
will give satisfaction or not. 


All companies reported the use of lead primaries, second- 
aries and high line cables in their underground systems, ex- 
cept where temporary service is needed. Companies whose 
present lines are non-leaded, change to lead, whenever it 1s 
necessary to replace their cable. Services, it was reported, 
were also of lead with the exception of residential tracts, 
where all but one company used rubber instead of lead. 
There are varied opinions as to whether it pays to install 
lead or non-leaded cable in the underground systems of resi- 
dential districts, but generally it is found that lead is pulled 
for the running lines. 


CHANGING FROM NON-LEADED TO LEAD 


Following are several instances where companies have 
changed from non-leaded to lead: one company reported that 
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two-thirds of all its service failures were due to rubber cov- 
ered wire. The same concern has adopted lead covered for 
all underground installations whether large or small. An- 
other points out that weatherproof cables are troublesome 
due to the fact that when the cable has to be removed after 
several years of service, the insulation leaves the copper, 
plugging the ducts. 

Turning our attention to non-leaded cables, two kinds of 
rubber covered are available. The code insulation that meets 
the specifications of the Board of Underwriters has a safe 
insulation factor for the designed voltage for which it is to 
be used. The other is the cable with insulation made up of 
30 per cent pure rubber. This cable has higher insulating 
qualities and will stand considerable mechanical abuse and 
weather conditions. It has been known to be in good elec- 
trical condition after 25 years of service, although it will not 


stand any mechanical wear without damage after this lapse 
of time. 


SOLVING CABLE Loss WITH LEADED CABLE 


Another topic of much discussion is the use of rubber cov- 
ered wire where a block of current is distributed over a 
large single conductor cable. The heat of the sheath currents 
in leaded cable lowered the efficiency to such an extent that 
several companies abandoned using lead cable and resorted to 
non-leaded. That solved the problem of sheath currents, but 
when non-leaded cable was subjected to heavy loads, the insu- 
lation tended to break down after a time, eventually resulting 
m trouble. The problem was partially solved in the leaded 
cable by the insertion of insulated joints throughout the lines. 
These waterproof and insulating joints can be purchased on 
the market and when placed in a leaded cable system satis- 
factorily reduce cable losses. 


Acip SoIL AND ELECTROLYSIS 


Other problems which confront cable installations are acid 
conditions of the soil and electrolysis. Most companies have 
not found it advisable to install non-leaded cable where bad 
acid conditions are found. If it becomes necessary to do so, 
acid-proof insulated wire may be used. Electrolysis can be 
effectively overcome by bonding, draining and insulating. 

The conditions and problems confronting cables are ones 
that must be studied for each particular section where trouble 
is found. A remedy in one instance may not be effective in 
another. Every company runs into its own difficulties and 
solves them as it thinks best. 

Summarizing points favorable to each type of cable, first 
for non-leaded: 

In extreme cases of electrolysis, non-leaded can be used. 
. Elimination of sheath currents, 

. Initial cost 25 per cent less than that of lead. 

. Splicing cheaper than for lead. 


. Where small ducts are already installed and larger cable must 
be used. 


6. Emergency cases. 
For leaded cable: 


1. It is a permanent installation. 
2. Absolutely waterproof. 


3. Maintenance cost is very low. 


Om co bo 


Parkway Cable for Rural and Sub- 
division Distribution* 
ARKWAY cable has been used extensively for street 


lighting with satisfactory results, but the experience with 
its use for primary and secondary distribution is very limited. 





* Report of subcommittee on parkway cable, underground systems 
committee, Engineering Section, E. R. Northmore, chairman. K. 
B. Ayres, W. N. Clark, W. C. Curl, R. G. Harris, H. G. Keesling, 
T. T. Kennedy, C. G. Mansfield, W. C, North, J. P. Robinson, Vinton 
Smith, C. W. Walker. 
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A few installations in different parts of the country have 
been made, but more time will be required before operating 
results can be compared. Like most all plans, there are cer- 
tain places where it is to be recommended and others where 
the conduit-and-manhole construction should be used. 

Under some conditions the installation of parkway cable 
provides a relatively inexpensive, but effective means of elim- 
inating overhead construction as well as the expense of con- 
duit-and-manhole construction. Parkway cable is laid directly 
in the ground in a trench from 12 to 18 in. deep, except in 
streets or in crossing railways, where it should be at least 
24 in. deep and covered with a wooden or concrete slab. Park- 
way cable would seem to have more of a place in rural sec- 
tions that are built up, or in changing from overhead to 
underground construction, than in new subdivisions. 

Requirements in Los Angeles are such that subdividers of 
tracts to be served underground shall install all conduits, 
manholes and vaults as well as services to each lot. These 
are installed before the streets are completed. When the 
houses are built, the wiremen extend the service pipes to the 
switchboard and the service wires are installed by the utility. 
When installed, the utility maintains all services and duct 
lines and at the present time believes that it is better to 
have all service pipes terminate in the manhole. Parkway 
cable is laid in the parkway between the sidewalk and the 
curb. Other utilities are there also to contend with, such as 
water, gas and street lighting. 

Only one case was reported to the committee where park- 
way cable has been installed. This was for a 4-kv. line 
through a rocky and steep forest section near Lake Arrow- 
head, which proved to be both satisfactory and economical. - 
Other members of the committee report that while they have 
no installation of parkway cable, the installation of conduit- 
and-manhole construction, although the initial cost is greater, 
will be justified in service rendered and more flexible in mak- 
ing changes and repairs. Also, accidental damages will be 
less. 


Standby Service—When It Is 
W arranted* 


This report considers the present practices on the Pa- 
cific Coast in regard to providing standby service. In 
general it is customary to supply such service when 
feasible only when interruption to service will result in 
considerable financial loss, lack of public safety or incon- 
venience to large numbers of people. The usual service 
offered by the public utility is adequate and exceptional 
cases are to be considered on their merits. 


SURVEY of the utilities in the Pacific Coast Electrical 

Association with regard to standby service indicates 
that it is customary to supply such service, where economic- 
ally feasible, to certain large customers to whom failure of 
electric service will result in considerable financial loss, lack 
of proper public safety, or inconvenience to large numbers of 
people. This applies particularly to large institutions, such 
as hospitals, theaters, department stores, hotels, office build- 
ings, electric railways and other industries where a service 
interruption entails serious loss in output. 


There seems to be no demand for or necessity to supply 
standby service to the ordinary residential or commercial 
lighting and power customer, as an infrequent, temporary 
interruption to his electric service results in very little dis- 


* Report of subcommittee on standby service, underground systems 
committee, Engineering Section. C. H. Jenkins, chairman. K. B. 
Ayres, P. E. Chapman, G. H. Hagar, N. B, Hinson, E. R. North- 
more, H. H. Minor, A. C, Putnam. 
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comfort or financial loss. It is common practice for modern 
electric systems to have several power sources, parallel trans- 
mission lines with oil switch relay protection, double bus sub- 
stations and properly maintained distribution lines, all of 
which function to render practically continuous service. The 
usual service, therefore, seems to be adequate for practically 
all classes of customers. 

Secondary network systems have been installed in densely 
loaded areas, also transformer vaults equipped with primary 
automatic transfer switches, connected to secondary mains for 
serving groups of customers, are in use. These secondary 
systems result in very dependable service to the customer. 

Some of the larger loads are supplied from two feeders, 
from the same or different substations, with automatic 
switches for selecting the emergency line and the eliminating 
of the preferred circuit, in event of failure of the preferred. 

Another method is to divide the load between two utilities 
with each in readiness to serve the whole in event of failure 
of the other. This method is unsatisfactory to both the 
utility and the consumer as it requires double utility invest- 
ment and penalizes the consumer by the amount of the rate 
differential. This arrangement, moreover, can be obtained 
only where two électric utilities occupy the same field. 

The rapidly growing diversity in the use of electric service 
makes reliability of service of great importance. This results 
consistently in the public demanding better and more reliable 
electric service.. This demand is promoted in some degree 
by the aggressiveness of the new business forces of the 
utilities, especially where competitive conditions prevail. 
There is a distinct forward trend in the character of the 
service rendered by electric utilities to comply with this 
demand. 

In general, the usual service rendered by the utility is 
manifestly adequate for all except the most extraordinary 
conditions. The exceptional case should be considered on its 
merits. In most instances, complete standby service seems 
unjustifiable, yet a small emergency reserve may be reason- 
ably necessary for convenience and safety. 


Comparative Advantage of 6.6, 15 and 
20 Amperes in Street Lighting 
Circuits* 


The subject of the comparative advantage of 6.6, 15 
and 20 amperes in street lighting circuits is one in which 
considerable financial loss, lack of public safety or incon- 
on which there is very little practical knowledge or ex- 
perience available, at least in California. It, however, 
seems an opportune study at this time because of the 
rapid trend toward larger and larger lighting units, 
especially in the business areas of cities and along the 
arterial streets, and more especially in electrolier instal- 
lations in those sections. 

US—3 





oe to a questionnaire recently circulated indicate 

that there are few, if any, actual installations of 15 or 
20-amp. series street lighting circuits in California. Because 
of this fact, the data and information which are presented 
here are taken almost entirely from a study which was made 
by R. R. Cowles of the Pacific Gas and Electric Company 
and from a paper by Henry E. Butler which was published 


* Report of subcommittee on street lighting circuits, underground 


systems committee, Engineering Section. H. Buell, chairman. 
K. B. Ayres, Wm. K. Cullen, D. C. Harker, J. F. Hodges, C. G. 
Mansfield, G. P. Mackenzie, H. H. Minor, A. C. Putnam, G. H. 
Riley. 





in a recent issue of the General Electric Review and the com- 
mittee is greatly indebted to both of these writers. The latter 
paper, especially, is a very complete story of the comparison 
between the two systems, and is well worth reading for those 
who have the matter in contemplation. 


TABLE I—Comparison of Series Street Lighting Lamps 





Lumens 

Rated Amperes Watts per 
Lumens Watt 
DAs beau aekoned nee vaakae rae 6.6 43.3 13.9 

CE a sich betctp cae eae hi ekaveseeslTrees 6.6 64.1 15.6 

Sieh tneveakeob.atucan tet aa ate 6.6 147.0 17.0 
Bian iccheseeceesianubeuinsosaieat 6.6 226.0 17.7 
20.0 218.6 18.3 

ON aa i enseg ce taris> ceive 6.6 $29.5 18.2 
1 20.0 317.4 18.9 

EE Sy ee ys SA Pasi Re ee ee 20.0 521.0 19.2 
15,000 20.0 762.0 19.7 
BEE SS ike whGh Suh aks pws anal hes ¥ 20.0 1,225.0 20.4 





Several pertinent facts involved in a comparison are at 
once apparent. The use of 20 amp. on the circuit eliminates 
the individual series transformers required for large lamps 
on the 6.6-amp. circuit but at the same time increases the line 
losses materially. This might indicate that 20 amp. would 
not be economical on long circuits with lamps of the smaller 
sizes widely spaced. It should be borne in mind, at the same 
time, that lamps of sizes smaller than 4,000 lumens are avail- 
able only for 6.6-amp. circuits and that lamps larger than 
6,000 lumens are manufactured only for 20 amp. and that 
both 4,000 and 6,000-lumen lamps are rated at both 6.6 and 
20 amp. The 15-amp. circuit is not considered in this study 
since the 4,000-lumen lamp, formerly the only lamp at this 
rating, is available at 20 amp. 

The study resolves itself largely into a question of eco- 
nomics, allowing at the same time for such items as obso- 
lescence and safety, both of which are rather difficult to 
evaluate. The former is especially pertinent to the study of 
street lighting which is continually undergoing changes and 
for which new equipment is being continually introduced. A 
consideration of the trend of street lighting toward larger 
units might readily indicate an installation which may not be 
entirely justified at the present time. In the words of Mr. 
Butler: 


Neither the 20-amp. nor the 6.6-amp. circuit with individual lamp 
transformers can be stated as being superior to the other for all 
purposes and for all conditions of installation. Each of the sys- 
tems has certain merits that are not possessed by the other and, 
in consequence, the choice of systems should be based upon a 
comparison of their respective merits with regard to each installa- 
tion under consideration. 


The economics of the subject involves at least the two major 
items, first cost and operating cost. Most utilities have 
heretofore employed only the 6.6-amp. circuit in an effort at 
standardization. Generally speaking, this was done before 
the advent of the larger lamps which are now manufactured 
only at the higher ratings, and most utilities employ lamps of 
all sizes on their systems. The style or variety of lamps 
which must be stocked are no longer a factor in standardiza- 
tion. It is interesting to note that the 20-amp. lamp has a 
considerably higher lamp efficiency and a longer life than the 
6.6-amp. lamp and also that it is more rugged. 


Cost OF INSTALLATION 


The first cost of the 6.6-amp. circuit supplying lamps of 
6,000 lumens and larger is very materially greater than is 
the cost of a 20-amp. circuit supplying the same size lamps. 
The former installation, of course, introduces an additional 
transformation which means, in many cases, an additional 
capacity in series transformers practically equal to the ca- 
pacity of the constant-current transformer supplying the 
circuit. This greater cost is at once evident when consider- 
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TABLE II—Comparison of 6.6 and 20-Amp. Series Circuits 








With Individual or Two Regulators: Each of Half 


Straight Series Auto-Transformer 


With Series Transformers Capacity on Two Circuits 


—" mo 1—x — — — 
ao SI Re oe Jp! [3 aC 
Qo o 


6.6/20 Amp. 6.6/6.6/20 Amp. 6.6/20 Amp. 
———_——_ - —-—- . - - 20 Amp. 
6.6 Amp. 20 Amp. W/indv. W/auto W indy. Straight Series W /indv. Straight Series 

20 kva. 

No. of 600 cp. —_ ° 59 52 58 57 56 50 58 52 

Circuit Ft. ‘ 23,600 20,800 23,200 22,800 11,200 10,000 23,200 20,800 

Secondary Ft.... 7 oe ai a Gee 22,400 20,000 cree 

Lamp Input.... 19,460 16,504 18,408 18,082 17,774 15,870 18,082 16,504 

Regulator Input 20,786 20,748 20,656 20,649 20,753 20,831 20,430 20,848 

Efficiency...... 93.6 79.5 89.6 87.5 85.6 76.5 88.7 79.2 
Losses 

Regulator...... 900 800 900 900 900 900 1,000 900 

Series Tr. , esa aide d ; 560 560 aa ese 

he ee » am ; 928 896 ‘ 928 

FOR 6 cesta ‘ a iam 1,254 tata aks a 

CEs x's.cen ears 426 3,444 420 413 203 181 420 3,444 

Secondary........ F one a 420 3,320 5 

Total Loss... ; 1,326 4,244 2,248 2,567 2,979 4,961 2,348 4,344 

“0 kva. 

No. of 600 cp. ee 89 78 87 86 84 75 88 78 

Circuit Ft. d 35,600 31,200 34,800 34,400 11,200 10,000 35,200 31,200 

Secondary Ft. ; ; aes 33,600 30,000 ee oaee 

Lamp Input ; 29,345 24,757 27,61 + 27,296 26,662 23,705 27,931 24,757 

Regulator Input 31,190 30,931 30,836 31,010 30,854 30,906 31,324 31,149 

Efficency...... 94.1 80.2 89.6 88.0 86.2 76.8 89.2 79.3 
Losses 

Regulator eee 1,200 1,012 1,200 1,200 1,200 1,200 1,350 1,230 

Series Tr. 1 oad os ire 840 840 <n 

oe . ae ae aie 1,392 1,344 ‘ 1,408 

Auto-Tr.. : act 1,892 : 

CREe as cee nes 645 5,162 630 622 202 181 635 5,162 

Secondary. . 606 4,980 

Total Loss ae : : 1,845 6,174 3,222 3,714 4,192 7,201 3,393 6,392 








Efficiency is the ratio between the input into the lamps and the input into the primary of the regulating tran 


ing an actual installation. It was found, for instance, in one 
case that the cost, exclusive of labor, of all transformation 
facilities per 6,000-lumen lamp would be $8.83 for the 20-amp. 
circuit and $27.50 for the 6.6-amp. circuit employing indi- 
vidual series transformers. There are several different com- 
binations of circuits which might be so compared, as for 
instance: those employing auto-transformers; those having 
two or more lesser capacity circuits fed through SL trans- 
formers from the constant-current transformers; those sup- 
plied from constant-current transformers of different sizes. 
Any of these combinations would affect the unit costs but 
would indicate a very decided advantage in favor of the 20- 
amp. circuit. 
OPERATING COSTS 


A comparison of the operating costs of the two systems 
is rather interesting. In the case for which the above figures 
are given, it was found that the efficiency of the 20-amp. 
circuit was 79.5 per cent, while that of the 6.6-amp. circuit 
supplying the same lamps through series transformers was 
89.6 per cent, a very material factor in favor of the latter 
system. While the 6.6-amp. circuit introduces an additional 
transformation with its losses, the line losses in the 20-amp. 
circuit are far higher, with the result that the net losses 
with the 20-amp. circuit are of the order of twice those of the 
6.6-amp. circuit. Inductance losses are responsible for a 
very large part of the increase. When the conductor is lead 
covered and is either steel armored, or laid in iron pipe, the 
net losses with the 20-amp. circuit may be as much as four 
times those of the 6.6-amp. circuit. 

The relative voltages at which the two systems operate is 
a considerable factor in the problem. With the 6.6-amp. 
circuit and constant-current transformers of reasonable size, 
such as 20 kw. and 30 kw., the circuit voltage is relatively 
high so that the series transformers at each unit serve the 
dual purpose of transforming to 20 amp. for the lamp and 


May 15, 1930 — Electrical West 


stormer 


TABLE I11—Comparison of Cost and Efficiency of 6.6 and 20-Amp. 
Series Circuits. 














With 20 kva. Regulating With 30-kva. Regulating 
Transformer Transformer 
System Cc ost of all Cost of all 
transformation Efficiency transformation Efficiency 
facilities per per cent facilities per per cent 
600-c.p. lamp 600-c.p. lamp 
Straight Series 
6.6 Amp.... ‘ $ 7.78 93.6 $ 6.47 94.1 
20 Amp. er 8.83 79.5 7.37 80.2 
6.6/20 Amp., 
With Indv. Trans... 27.50 89.6 26.15 89.6 
Groups 
6.6/6.6/20 Amp. 
With Indv. Trans.. 30.40 85.6 30.80 86.2 
6.6/20 Amp. ara « 14.64 76.5 13.12 76.8 
Two Half Capacity 
Circuits 
With Indv. Trans... 31.70 88.7 28.90 89.2 
20 eee 13. 58 79.2 10.45 79.3 


E fficiency is the ratio > be tween ‘the input into the lamps and the input into 
the primary of the regulating transformer. 


also insulating the standard from the circuit, largely elimin- 
ating the electrical hazard in case the standard is broken 
off, and also permitting the safe replacement of lamps and 
glassware. On the other hand, the 20-amp. circuit carries 
the circuit voltage to the top of the standard; in spite of the 
lower voltage of the circuit, it is still classed as a primary 
circuit and, therefore, introduces a hazard. 


For the same transformer capacity the 20-amp. circuit 
operates at only one-third the voltage of the 6.6-amp. circuit 
so that cable at a considerably lower voltage rating, and, 
therefore, cheaper cable may be installed on the former cir- 
cuit. In addition, because of the elimination of the individual 
series transformers with their inductance, the 20-amp. circuit 
has greater lamp capacity but this is offset by the consider- 
ably greater line inductance of this circuit. 
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There are a few additional details which might be men- 


tioned. The 6.6-amp. circuit with individual series trans- 
formers operates without film cutouts so that lamp outages 
cannot affect the remainder of the circuit, whereas the con- 
trary may be true with the 20-amp. circuits, though the 
standard socket and film cutouts are now operating satis- 
factorily on such circuits in a number of installations in the 
East. The manufacturer advises that, for a given capacity, 
the constant-current transformers have the same price for 
either 6.6-amp. or 20-amp. secondary current. Most utilities 
can find places on their systems for 6.6-amp. transformers 
which are displaced by larger capacity transformers required 
for installations which are changed to larger size lamps and 
which may readily operate at 20 amp. if found desirable. 

The following summary gives, briefly, the relative ad- 
vantages of the 20-amp. circuit as compared with the 6.6-amp. 
circuit supplying the lighting units through individual series 
transformers: 


TABLE !V—Characteristics of Series Street Lighting Transformers 


6.6 Amperes 20 Amperes 











Size - w= —~ —---——- 
Nominal Secondary Emf. Efficiency Primary Secondary Emf. Efficiency Primary 
Kilowatts Closed Open at PF. at Closed Open at PF. at 

Circuit Cire. Full Load Full Load Cireuit Circuit Full Load Full Load 
Volts Volts Percent Percent Volts Volts Percent Percent 

5.0 757 1050 94.0 80 250 345 94.0 80 

7.5 1137 1560 94.5 80 375 575 94.5 80 

10.0 1515 2080 95.0 80 500 690 95.5 80 

15.0 2272 3090 95.5 80 750 1050 95.9 80 

20.0 3030 4115 95.5 80 1000 1400 96.0 80 

30.0 4545 6130 96.0 80 1500 


2090 96.6 80 





TABLE V—Line Losses per 1000 ft. of No. 6 Armored Cable by Tests in 
which both Lead Sheath and Steel-Tape Armor were Short Circuited. (Ap- 
proximate only.) 


(Data taken from the Electrical World, Nov. 18th, 1916.) 





6.6-Amp. 20-Amp. 

Losses in Watts at 60 cycles Circuit Circuit 
Be FE Beek Oh Co 5. ink cnc Race dines bn bas 20 160 
Inductance loss—Circuit conductors touching. ...... 30 210 
Inductance loss—Conductors 1 ft. apart............ 30 230 
Inductance loss—Conductors 4 ft. apart............ 40 260 
Inductance loss—Conductor around room........... 40 330 





The 20-Amp. Circuit— 


1. Operates at one-third the voltage of the 6.6-amp. circuit of the 
same kw. capacity, resulting in less expensive, lower voltage cable. 

2. Eliminates the double transformation, thus reducing the invest- 
ment and simplifying the system. 

8. Reduces the likelihood of inductive and radio interference due 
to the elimination of series transformers, offset to some extent by 
the possibility of interference because of the type of socket and 
cutout required, which is in turn offset by the possibility of poor 
joints in the series transformer connection, 

4. Improves the power factor of the circuit. 


The 6-6 Amp. Circuit With Individual Series Transformers— 


1. Low voltage 
ing the electrical 


only is installed in the standard, largely eliminat- 
hazard. 

2. Considerably lower losses in the circuit. 

3. Eliminates the use of film cutouts—large outages cannot affect 
the remainder of the circuit. 


{. Reduces the effect of surges on the lamp. 


The accompanying excerpts from charts contained in the 
two reports above referred to may prove of value in the con- 
sideration of the relative merits of the two types of systems. 
The figures contained in these tables are approximate only 
and should not be used as a basis for exact computation. 
However, they are sufficiently accurate to serve as a means 
for comparison. 
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Result of Leaving Subway Equipment 
Submerged Indefinitely* 


Submerging of subway equipment for indefinite peri- 
ods occurs only between periods of routine inspection 
and is usually avoided. Trouble is sometimes caused 
where the usual installation is made with lead-covered 
primary and secondary mains, overhead type transfor- 
mers, with primary potheaded and taped to open cambric 
bus, although new transformers of the overhead type 
have been known to operate several days entirely sub- 
merged. Rubber-covered house laterals taped to lead- 
covered secondary mains with taped joints are apt to 
cause trouble when submerged. 


ROM the reports received from several Pacific Coast com- 

panies, it is apparent that the indefinite submerging of 
subway equipment is in most cases avoided and occurs only 
between periods of routine inspection. The duration of sub- 
merging may be from several hours in the downtown districts 
to several weeks in the outlying districts. 

Effect on equipment depends a great deal upon the equip- 
ment itself. Where an all-lead installation is made and 
strictly subway-type transformers, boxes, and cutouts are 
used, lids and covers being securely sealed, the only apparent 
effect is the natural corrosion of the iron or steel cases of the 
equipment. 

Corrosion varies according to the condition of the water, 
but in most cases the damage is slight and the process is 
slow. Apparently the corrosive effect is greater and more 
rapid where there is a partial submerging for any length of 
time. Transformers standing in 3 or 4 in. of dirty water for 
several months, when removed, show the bottom of the case 
badly corroded or rusted due no doubt to condition of water 
and probable electrolytic action. 

In subdivisions where the usual installation is made with 
lead covered primary and secondary mains, overhead type 
transformers, with primary potheaded and taped to open 
cambric bus, a total submerging usually causes trouble to 
primary feeders and transformers, although new overhead 
type transformers have been known to operate several days 
entirely submerged. 

When rubber-covered house laterals are taped to lead- 
covered secondary. mains with taped joints or through ordi- 


nary low voltage cutout boxes, a great deal of trouble arises 
from submerging. 


* Reort of subcommittee on submerged subway equipment, under- 
ground systems committee, Engineering Section. C. E. Biggs, chair- 
man. W. K, Cullem, H. G. Keesling, D. J. Kelly, C. G. Mansfield, 
P. F. Melnick. 


The Use of I. L. Transformers Versus 


Compensator Units* 


The rapidly growing use of incandescent lamps of 
large size for street lighting, together with the fact that 
such lamps operate more efficiently at higher current 
values than at the commonly used 6.6 amperes, has 
vaised the question of the best method of supplying the 
higher current to these lamps. Three methods are avail- 
able. The current in the circuit may be increased to the 


* Report of subcommittee on transformers and compensators, un- 
derground systems committee, Engineering Section. C, G. Mans- 
field, chuair:nan. K. B. Ayres, Wm. K. Cullen, G. P. Mackenzie, H. 
H. Minor, C. C. Potts, A, C. Putnam, G. A. Riley, R. C. Smith, E. 
hk. Stauffacher, Paul Suransky, C. W. Walker. 
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desired value, or the line current may be kept at 6.6 
amperes and stepped up to the higher value at the lamp, 
using either a small series transformer commonly known 
as the “I.L.” transformer, or safety coil, or a small auto- 
transformer, usually known as a compensator unit. It 
is the purpose of this paper to outline briefly the rela- 


tive merits of the two types of transforming units to 
be used at the lamps. 


EPLIES have been received from two manufacturers and 
five of the ten Pacific Coast operating companies to 
which requests for information regarding practice and expe- 
rience in the use of these units were sent. None of these 
seems to have made any comprehensive analysis, either of the 
conditions which determine the type of unit to be used, or of 
their experience with them. The comments which have been 
received indicate that cost and objection to the presence of 
high voltage cables in the lamp post are the primary consid- 
erations in the choice of transforming units. In some com- 
munities, the extension of high voltage cables above the pave- 
ment level is prohibited by ordinance. This restriction neces- 
sitates the use of the insulating transformer, and the engi- 
neering and economic factors do not enter the problem. The 
cost will usually favor the use of the compensator unit, par- 
ticularly since its efficiency and power factor are slightly 
higher than those of the corresponding I.L. transformer. 
The direct cost of the I.L transformer is approximately 
three times that of the compensator unit. A part of this 
difference is, however, balanced by the extra cost of the 
disconnecting pothead, if used, and of the additional high 
voltage cable required to reach the compensator. With some 
types of standards, this cost is further increased by the 
necessity of providing a special casting to obtain sufficient 
space at the top to mount the compensator unit. But when 
all of these factors have been taken into consideration, it 
appears that the total installed cost with the I.L trans- 


former will be substantially greater than with the compen- 
sator unit. The relation between this extra cost and the 
importance attached to the elimination of high voltage con- 
ductors from the standard, will very largely determine which 
unit is to be used. 

The presence of high voltage conductors in the upper part 
of the standard may affect both the reliability and the safety 
of the installation. While no directly comparable data on 
failures in the two types of installations are available, it 
may be said that the probability of failure is somewhat 
greater with compensators than with the I.L transformers, 
because of their exposed winding and high voltage terminals. 
If the compensator is well made, however, and reasonable 
clearances are provided in the mounting, trouble from this 
source should be rare. The question of safety is probably the 
more important one. The City of Los Angeles has more than 
45,000 lamp posts containing high voltage conductors in 
service. While these posts are involved in accidents at the 
rate of approximately one per day, no case has yet occurred 
in which any personal or property damage has resulted from 
the presence of the high voltage conductors. This experience 
would seem to indicate that the danger from this source is 
much less than is commonly assumed. 

One of the minor advantages of the use of the I.L trans- 
former is the fact that lamp replacements may be made while 
the circuit is alive, since the open circuit voltage of the sec- 
ondary is quite low. 

The question of interference with telephone and radio re- 
ception when the secondary of an I.L. transformer or com- 
pensator is open circuited by lamp failure is frequently men- 
tioned as one requiring some attention. No cases of such 


interference are known to have occurred, however, possibly - 


because of the rather effective shielding of the underground 
conductors, particularly where metal standards are used. 
It is probable that any such effect which does occur would 
be very similar in the two types of units, and it would not, 
therefore, appreciably affect the choice between them. 


Public Relations Section’ 
WOMEN’S COMMITTEE REPORT’ 


HE women of the Pacific Coast Geographic Division are 


well organized into fourteen separate committees, and 
the'r activities cover the work of ten utilities and one manu- 


facturing unit under the capable leadership of the following: 
Miss Alma Freeburg—Coast Counties Gas & Electric Company, 
Santa Cruz. 


1 Executiv2 Committee: Paul M. Downing, Pacific Gas and Electric 
Company, chairman. E. B. Criddle, Southern Sierras Power Com- 
pany, vice-chairman. 

General Electric Company: M. H. Schnapp. 

Los Angeles Gas and Electric Corporation: F. E. Seaver. 


Pacific Gas and Electric Company: A. F, Hockenbeamer, A. H. 
Markwart. 


San Joaquin Light & Power Corporation: Mrs. Nyra G. Letchworth. 
Southern California Edison Company: 8S. C. Haver, Jr. 


?Mrs. Nyra G. Letchworth, San Joaquin Light & Power Corpora- 
tion, chairman. 


Coast Counties Gas & Electric Company: Mrs. Bertha Briggs. 
“Electrical Merchandising’: Miss Clotilde Grunsky. 

Graybar Electric Company: Mrs. Mercedes Gaffney. 

Los Angeles Gas and Electrical Corporation: Mrs. Undine Russell. 
“Electrical West’’: Mrs, Dorothy D, Peede. 

Pacific Coast Electrical Association: Miss Cristel Hastings. 


San Diego Consolidated Gas & Electric Company: Miss Nell W. 
Molloy. 


San Jcaquin Light & Power Corporation: Miss Clyda E. Weems. 
Southern California Edison Company: Mrs. Jeanette I. Rees, 


Tucson Gas; Electric Light & Power Company: Mrs. Jean D. 
Roberts. 


Valley Electrical Supply Company: Mrs. Mabel E. Tripp. 
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Mrs. Alice Axteli—Los Angeles Gas and Electric Corporation, 
Los Angeles. 

Mrs. Jeanette I. Rees—Southern California Edison Company, Los 
Angeles. (a) Mrs. Mabel E, Oliver—Southern California Edison 
Company, Redondo Beach. (b) Mrs. Amy Bidwell—Southern Cali- 
fornia Edison Company, Ontario. 

Miss Nell Molloy—San Diego Consolidated Gas & Electric Com- 
pany, San Diego. 

Miss Marie Houlahan—Great Western Power Company, San 
Francisco. 

Miss Clyda Weems—San Jcaquin Light & Power Corporation, 
Midland Counties Public Service Corporation, Fresno. 

Miss Miriam Jackson—Hawaiian Electric Company, Honolulu. 

Mrs, Jean Roberts, State Chairman—Tucson Gas, Electric Light & 
Power Company, Tucson. (a@) Miss Wilma Jones—<Arizona Edison 
Company, Bisbee. (b) Miss Louise Scott—Arizona 
pany, Douglas. 

Mrs. Ralph Hitchcock—Pacific Gas and Electric Company (form- 
erly Coast Valleys Gas & Electric Corporation), Salinas. 

Mrs. Mercedes M. Gaffney—Graybar Electric 
Angeles. 





Edison Com- 


Company, Los 


All of the committees hold at least one meeting a month 
and some of them hold two, besides taking active parts in 
the various club, church and civic affairs in their communi- 
ties. They are ali specializing in the study of electricity in 
the home, not only learning to operate the appliances and 
to demonstrate their many uses, but also the cost of opera- 
tion. Each committee has its own method of study, but there 
is a great similarity in them all. They have, but with few 
exceptions, divided their appliance study in such a way that 
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if the girls attend all the meetings until June they will have 
made a complete study of all the appliances and labor-saving 
ilevices, besides carrying on other educational work. 

Special mention of the work of our member across the 
Pacific should be given. Miss Jackson has a splendid program. 

Mrs. Rees of the Southern California Edison Company is 
to be congratulated on the excellent work which her com- 
mittee has been doing. There are two divisions besides Los 
Angeles under capable leaders carrying out the work of the 





Women’s committee members who met at Fresno, Calif., in March 


during the two-day conference of the Commercial Section, 
P.C.E.A. Jeft to right, standing: Mrs. Marian Lorain, Great 
Western Power Company; Mrs. Jeannette I. Rees, Southern Cali- 
fornia Edison Company; Mrs. Alice Axtell, Los Angeles Gas and 
Electric Corporation; Mrs. Nell Molloy, San Diego Consolidated 
Gas ©& Electric Company; Miss Alma Freeburg, Coast Counties 
Gas & Electric Company, Santa Cruz; Miss Marie Houlahan, 
Great Western Power Company. Seated: Miss Clyda Weems, 
Mrs. Mabel E. Tripp, both of the San Joaquin Light & Power 
Corporation; Mrs. Nyra G. Letchworth, chairman, Women’s Com- 
mittee, P.C.E.A., San Joaquin Light & Power Corporation; and 
Mrs. Ruth E. Creveling, vice-chairman, Women’s Committee, 
N.E.L.A., San Diego Consolidated Gas & Electric Company. 


committee. 
cess. 


Their annual Doll Contest was a wonderful suc- 
The girls dressed 96 dolls at the Christmas season 
which were given to the company’s welfare secretary for dis- 
tribution among the needy, a lovely way to express the spirit 
of Christmas. Also one of these girls, Mrs. Mabel Mac- 
Ferran, a graduate electrical engineer, has received public 
recognition. She gave them a real “treat,” explaining with 
lantern slides the electrical development back of the little 
putton on the wall. 


Other committees make the Christmas season the time of 
spreading their cheer to the needy and afflicted by sending 
food, clothing, even money, as well as taking the time to make 
personal calls upon them. Neither time nor space will per- 
mit me to mention the wonderful work of each committee, 
but they are all noble, conscientious workers for the good 
cause. One of the most enthusiastic committees is the newest 
one, the Great Western Power Company of San Francisco. 
They are to be congratulated as they had so many obstacles 
to overcome. The “Pique Load,” a very clever skit, written 
and played by the girls of the San Diego Consolidated Gas & 
Electric Company, deserves special mention. It was not 
only very well received but also brought out the ten points 
contained ir the “Common Sense Electricity” circular pre- 
pared by the accident prevention committee, N.E.L.A., 1929. 

Under the capable leadership of Mrs. Marge Edwards, 


478 





chairman of the safety subcommittee, there are now six well 
erganized ard active working First Aid teams in this divi- 
sion, and we are hoping that Arizona will enter one soon. 


Los Angeles 
Brookelbank. 

Southern California Edison Company-—- Captain, Marjorie Hobbs. 

Great Western Power Company—Captain, Lucille Anderson. 

Pacific Gas and Electric Company—Captain, Mrs. Ralph Hitch- 
cock. 

San Joaauin Light & Power Corporation—Captain, Mrs. 
Broeker. 

San Diego Consolidated Gas & Electric Company—Captain, Mrs. 
Marge Edwards. 


Gas anil Electric Corporation—Captain, Ethel 


Lillian 


They are all doing very splendid work. 

There are four of the utilities that have entries for the 
speaking contest. We regret not to be able to report all of 
them participating. 

The public contact activities are very numerous. Many of 
the girls are affiliated with the churches, clubs, civic and 
city betterment organizations, and are helping with all com- 
munity afiairs, in fact, are recognized as leaders in their 
various localities. They act as hostesses at teas in various 
clubs, assist in getting up and putting over the programs, 
serve as members of committees in Community Chest drives, 
Y.W.C.A.’s, and Nuiritional Homes, in fact, they are shining 
lights in their communities. 

There are a number of Arizona utilities which do not have 
active committees, but Mrs. Roberts is working very steadily 
and earnestly towards an enlarged committee. 

Mrs. Mabel E. Tripp, chairman of the subcommittee on 
home economics, has been making a survey of the territory 
und finds very little active work has been done along that 
line, with the exception of the San Joaquin Light & Power 
Corporation, which has always had a home service depart- 
ment. During the past year three talks have been made to 
women’s organizations, one at a university, ten at high 
schools, eight cooking schools, fourteen church groups, five 
county fairs, and 1,800 house calls have been made. Mrs. 
‘lripp is often assisted by our girls and at times other 
demonstrations are given in our building in the appliance 
department. There is also a cooking school in the building 
here sponsored by a local newspaper, under the supervision 
of a capable instructor. They have an average attendance of 
100 every week and very often more. Every year at the 
county fair a tea room and rest room are maintained, with 
one of our girls acting as hostess. This is a very fine way to 
create a good will spirit. To carry on the work here, the 
girls sell candies and fruit at Christmas time and have 
cieared nearly $100 this season, with a present sum of more 
than $200 in the treasury. 

All the committees celebrated Light’s Golden Jubilee in a 
fitting manner, and also studied briefly the food preservation 
and refrigeration courses during the campaign. 


Spri:'G MEETING 


The cheirmen of the women’s committee held their annual 
meeting in the San Joaquin Light & Power Corporation 
Building, March 20 and 21; all members were in attendance 
with the exceptior of Miss Jackson from Honolulu and Mrs. 
Roberts of Arizona. Ali phases of the work were reviewed 
at a round-table discussion. 

On the evening of March 20, the women of the San Joa- 
quin Light & Power Corporation entertained them at a dinner 
party at the Hotel Fresno. The morning of the 21st was 
given over to the home economics program and a full report 
of the national home service conference was given and copies 
of the report given to each chairman. During the noon hour 
we were guests at an electrically cooked luncheon in charge 
cf Mrs. Tripp, home economics department, in the auditorium. 
This luncheon was given for members of the Commercial 
Section of the P.C.E.A. who were in session at that time. In 
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the afternoon the ladies were taken for a drive through the 
city, visiting all places of interest and through the famous 
Kearney Park, closing the day by having tea at a new 


Purchasing and 


The chief work of the year on the part of the Pur- 
chasing and Stores Section has been the initiating of a 
movement toward the standardization of line hardware. 
Machinery has been set in action through the Division of 
Simplified Practice of the U.S. Department of Commerce 
which should eventually lead to an adoption of standards 
for the entire United States. In addition several other 
committees have been active. Their reports will be sub- 
mitted at a later time. 


HE Purchasing and Stores Section for the year 1929- 

1930 was organized shortly after the close of the Del 
Monte convention in June, 1929. The first meeting was held 
in San Francisco on September 19, 1929, at which time the 
following committee chairmen were named: 


Purchasing Department Organization & Procedure, E. F. Watkins. 
Stores Department Organization, F. P. Hanson. 

Material Control, H. O, McKee. 

Surplus and Obsolete Material, G. H. Grummett. 

Simplification of Stores Accounting, William Maddock. 
Standardization of Material & Supplies, G. M. Richardson. 


The second meeting was held in Los Angeles on Jan. 16 
and 17, 1930. Reports and papers by the various committee 
chairmen and members were presented at this meeting. 


The toial membership of this section is now approximately 
84, which is the largest the section has ever had. The meet- 
myngs have all been well attended and much enthusiasm has 


been shown, particularly on the subject of the standardiza- 
tion of material and supplies. 


The members of the Engineering Section have co-operated 


1S. E. Hickman, San Joaquin Light & Power Corporation, chair- 

man. William deWaard, San Diego Consolidated Gas & Electric 

Company, vice-chairman. 

Central Arizona Light & Power Company: C. A. Hulse. 

Coast Counties Gas & Electric Company: W. R. Van Bokkelen. 

General Electric Company: W. C. Smith. 

Generai Electric Supply Corporation: E,. A, Hart, 

Graybar Electric Company: H. L. Harper, H. T. Simmons. 

Great Western Power Company: E. E. Behr, D. P. Mason, W. J. 
Shanahan, F. R. Sherwood, F. W. Smith. 

JHiubbard & Company: W. W, Glosser. 

Joslyn Company: H. S. Detrick. 

Xortick Manufacturing Company: J. C. Kortick. 

Line Material Company: F. J. Gleiss. 

Luvs Angeles Bureau of Power & Light: H. L. Caldwell, O. W. 
Holden, D. P. Nicklin. 

Los Angeles Gas and Electric Corporation: C. B. Judson, William 
Maddcck, M. A. McMillan, T. B. Parks. 

Maydwell & Hartzell: E, S. Condon, H. F. Hartzell. 

Pacific Gas and Electric Company: F. P. Hanson, J. H. Hunt, J. 
B. Madden, C. E, Young. 

San Diego Consolidated Gas & Electric Company: R, E. Fritzer, 
A. S. Glasgow, G. N. Riblet, C. D. Weiss, F. A. Westrick. 

San Joaquin Light & Power Corporation: E. R. Banks, G. H. 
Grummett, D. P. Mason, C, E. Schnell. 

Southern California Edison Company: C. P, Altland, R. E. Brooker, 
Jefferson Davis, J. L. Gray, R. B. Guilbault, F. F. Henry, H. 
L. Hughes, C. C. Long, F. E. Maxey, W. J. McCullough, H. O. 
McKee, C. M. Mitchell, W. I. Priest, G. M. Richardson, E. H. 
Riggs, W. E. Row, D. C. Tandy, E. F. Watkins. 

Southern California Telephone Company: G. E. Nott. 

Southern Sierras Power Company: C. A. Kelley, C. B. Lore, E. B. 
Pennebaker, E. Y. Porter. 

Westinghouse Electric & Manufacturing Company: A. W. Pride. 


Executive Committee: S. E. Hickman, San Joaquin Light & Power 
Corporation, chairman. William de Waard, San Diego Consolidated 
Gas & Electric Company, vice-president; G. M. Richardson, South- 
ern California Edison Company, secretary; E. E. Behr, J. H. Hunt, 
Cc. A. Kelly, Wm. Maddock, D. P. Mason, W. J. McCullough, H. O, 
McKee, F. W. Smith, E. F. Watkins, C. D. Weiss. 
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suburban electrically equipped tea house. All returned to 
their work feeling that the two days had been very profitably 
and happily spent. 


Stores Section’ 


very fully and a joint committee between both of these sec- 
tions has been formed further to study methods of stand- 
ardization. 


This committee’s primary objective during the past year 
has been to centralize our efforts upon standardization. A 
final report by G. M. Richardson, chairman of the standardi- 
zation of material and supplies subcommittee, is presented 
herewith. 

As a further study for this section to be developed for the 
remainder of this year, a review is to be made of the major 
subjects handled since the inception of this committee eight 
years ago. A general questionnaire to the various member 
companies requesting information as to the effectiveness of 
the work done by this section in the past is now being pre- 
pared and will be submitted at a later date. 


Standardization of Material and 
Supplies* 


For nearly two years the Purchasing and Stores 
Section of the Pacific Coast kiectrical Assovriation, a 
geographic division of the National Electric Ltyii* As- 
sociation, has been studying the situation with simptci:- 
cation and standardization in mind. Early in 1928, Wi. 
Maddock, chairman of the Purchasing and Stores Section 
for 1928-29, appointed a committee with G. M. Richard- 
son as chairman, to investigate and see what could be 
done in the matter of standardization and simplification. 
The committee is called the standardization of materials 
and supplies committee. The committee was formed 
from members of the purchasing and stores departments 
of the utilities represented in the Pacific Coast Electrical 
Association, together with representatives pf the various 
manufacturers and jobbers of line hardware in Cali- 
fornia and was divided into groups to handle the work 


more effectively. The groups formed were on the fol- 
lowing subjects: 


1. Line hardware. 
2. Standard packages. 
3. Insulators. 
. Simplified invoices. 
. Catalogs. 
The plan of the committee was to bring about the use 
of similar materials for similar purposes by the users 
within the state. 


CO > 


UE to the peculiar requirements of the industry, it is 
not possible to use the N.E.L.A. standards in their 
entirety throughout the United States. 

For the purpose of this report, the work of the two sub- 
committees on line hardware and standard packages will be 
discussed. 

After working out a plan of action, lists of standard items 
of line hardware used regularly were obtained from each 


* Report of committee on standardization of material and supplies, 
Purchasing and Stores Section. G. M. Richardson, Southern Cali- 
fornia Edison Company, chairman. 
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of the ten utilitics represented. These were tabulated and 
compared. The results were astonishing. Although each com- 
vany believed itself to be well standardized and to be using 
the N.E.L.A. standards generally, the contrary was found 
to be the case. 

The committee soon realized that the effect of such changes 
which would be necessary to induce uniformity in standards 
by the member companies would be so far reaching that, 
as purchasing agents and storekeepers, we could do little 
alone. The changes so involved the design of distribution and 
transmission lincs that it became unquestionably a matter 
which involved the operating and design engineers of each 
company. 

The original committee of purchasing agents and stores 
officials realized the economies possible through simplification 
and later standardization, but as the design of distribution 
and transmission lines was affected, the problem became one 
which extended beyond the recognized scope of purchasing. 

Accordingly a joint committee of the Engineering and of 

the Purchasing and Stores Section of the P.C.E.A. was 
formed and the matter laid before the engineers. 

After several meetings, it was decided to be impractical 
to attempt development of P.C.E.A. standards due to the 
extreme difficulty of co-ordinatnig the many standards in 
use throughout the industry. Many of the items used regu- 
larly by some of the utilities are special and not used by 
others, although from a purely practical standpoint, a stand- 
ard item could be used. A great lack of uniformity was 
found in the use of many items of hardware. For instance; 
yn the use of pole steps, four companies used %-in. x 9-in. 
steps and five companies used 9/16-in.x9-in., while one 
company used both sizes. In the ten companies mentioned, 
the sizes and varieties of flat cross arm braces exceeded 
those of the pole steps, there being eight distinct sizes used. 
Of eight companies reporting on the lag screws, the situation 
was simiiar, and so on down the list. 

The manufacturers represented in the committee, after 
reviewing the situation, formed an association of line hard- 
ware manufacturers to do what they could to aid in sim- 
plifying the large list of items they found themselves called 
on to furnish. As manufacturers, they realize the excessive 
cost of producing non-standard materials and the economies 
which can be effected by a comprehensive plan of simplifica- 
iion and are naturally anxious to do anything they can to 
effect savings which may be passed on to the consumers. 
They realize that the higher cost of manufacturing special 
items and the expense involved in handling and storing stocks 
of these items, which move slowly, is usually absorbed by 
overhead charges which in turn are spread generally over 
the cost of all items manufactured, so that in reality the 
concern which purchases special items may unintentionally 
cause other customers of the manufacturer to help carry the 
burden of the cost, which probably is not reflected in the 
purchase price of the special article manufactured. 


After corresponding with George A. Cooper, chief of the 
Division of Simplified Practice of the United States Depart- 
ment of Commerce, as well as the local Bureau of Foreign 
and Domestic Commerce, it was decided to request the De- 
partment of Commerce to make a simplified practice survey 
of the line hardware situation in the United States and to 
produce simplified practice recommendations, covering the 
various items. This will be done by calling together repre- 
sentatives of all manufacturers and users in the United 
States together with the various trade associations and tech- 
nical societies, which might come into the picture. 

It is a tremendous task to co-ordinate the activities, plans, 
standards and-ideas of an industry like ours and produce 
such results as car: be obtained by such a body as the Bureau 
of Simplified Practice. It is believed by the committee that 
a neutral body with the recognition that the Department 
of Commerce commands and with the resources that it has 
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available, could do more in less time than any one group 
such as the Pacific Coast Electrical Association. The plan 
of action finally decided upon by the local committee was 
presented at a recent joint meeting of the Engineering Sec- 
tion and Purchasing and Stores Section, and received unani- 
mous approval. A letter was drafted to the California State 
Chamber of Commerce, which has been selected by the De- 
partment of Commerce to represent it in its simplified prac- 
tice activities in California, requesting that the survey be 
made and a simplified practice recommendation developed. 

The leiter was then presented to the executive committee 
of the P.C.E.A. for approval. The approval was immediately 
forthcoming, thanks to President E. B. Criddle, who per- 
sonally fullowed the movement. The letter has now been 
presented to the California State Chamber of Commerce 
which will take tie necessary steps to bring the matter to 
a conclusion. 

The letter also includes the matter of standard packages 
for the various items of hardware, it being found by the 
committee that there is no uniform method of packing line 
hardware by the various manufacturers. Certain items may 
come packed in boxes, barrels, or burlap bags. Some may 
be packed in cartons. The quantities per package may vary 
to such a degree that it is difficult to handle, store, disperse 
and account for the materials. Some items are packed in 
such large quantities that the supplier often is asked to break 
packages, which is costly. Some packages are well made, 
while others are not. The poor packages break in handling 
due to the weight of their contents, or in the case of fragile 
‘tems, do not protect their contents from breakage. The 
N.E.L.A. has done some fine work in developing standard 
vackages for line hardware, but still inadequate packages 
exist. By co-ordinating the needs of the whole industry the 
Bureau of Simplified Practice can again do more than any 
one group. 

Every purchasing agent, every engineer, everyone who 
has anything at all to do with the production or use of 
materials in quantities, should acquaint himself with the 
economies which result from simplified practice in any branch 
of industry. He will find that the possibilities are unlimited, 
end that the advantages are many. The economies already 
obtained in industry are tremendous. The economies which 
will be obtained are even greater. The elimination of waste 
in industry through this medium is a movement which should 
be supported without question by everyone in industry. There 
is no doubt that this simplification program will benefit in- 
dustry and will benefit those who have had the foresight to 
subscribe to the principles of simplification and to put those 
principles to work. 


The Department of Commerce has already worked out 
more than 100 simplified practice recommendations which 
have reduced waste in industry to an unbelievable degree. 

After the completion of a simplified practice recommenda- 
tion, the Department of Commerce will contact every manu- 
facturer of merchandise, covered by the recommendation, 
as well as the larger users of such materials with a request 
that they sign a formal acceptance agreeing to adhere to 
the recommendations set forth as far as it is possible to 
do so. It will be found, however, that while most manu- 
facturers welcome such a movement and sign the agreement 
to accept a simplified practice recommendation, that the 
consumers or users of material, while they agree generally 
on the worth of the movement, are slow in returning the 
users’ acceptances. The effectiveness of the work done by 
the Department of Commerce is dependent largely upon 
users’ acceptances. It is as important for us users of ma- 
terials to make use of simplified practice recommendations 
as it is for the manufacturer to do so. We will agree that 
we should do everything possible to aid in the elimination 
of waste and to support, to the limit, a movement so pro- 
ductive of reai economy. It is logical to believe that any 
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factory producing many varieties of each item manufactured 
could increase its production, lower its cost, flatten out its 
production curve, have greater stocks of finished products 
available, if it could eliminate some of the varieties that it 
is forced by its consumers to produce. The saving would 
naturally be passed on. By virtue of acceptance of the sim- 
vlified recommendations, the user of materials would partici- 
pate in the savings which would follow and which he has 
helped to bring about. One public utility in California has 
signed the users’ acceptance covering eighteen simplified 
practice recommendations, and is doing all it can to see 
that only such varieties of each item covered can be easily 
obtained. 

As purchasing agents, we are very close to the economic 
side of the questicn, but we must see that our design engi- 
neers are kept acquainted with the facts we are meeting 
with in our buying contracts. We must co-operate with them 
to the fullest extent before we shall see the results which 
we know can be obtained through simplification. 

Everyone knows that the object of standardization is mass 
production and the economies which result from mass pro- 
duction. Everyone knows that the economies resulting from 
standardization are substantial and worth while. There is 
also now a general appreciation of the solidarity of industry, 
of the fact that all the different industries are bound to- 
gether in one common interest, that any movement which is 
heneficial to a given industry, likewise, to a degree, benefits 
all other industries. The point here which I especially wish 
to emphasize is that national standardization is particularly 
39 movement which is beneficial to industry as a whole. It is 
a universal economic solvent. No industry, or no company 
engaged in industry, can escape its benefits. It reduces the 
cost of what you make and sell, but, not less, it reduces 
the price of everything you buy. 

Probably the first reaction of the man in the street when 
the subject of standardization is brought to his attention is 
that it checks initiative and hampers the introduction of 
ymprovements due to invention and ingenuity in the indus- 
tries where it is applied. While at first glance there is a 
certain plausibility in this criticism, further thought will 
convince anyone that it is ill-founded, and that the tendency 
*s the reverse of the one claimed. 

Standardization, if kept within its proper limits, really 
stimulates, instead of blocking, improvements in the articles 
manufactured. It reduces the great mass of distracting de- 
iail into ordered form, so that the mind is free to exert its 
inventive genius toward improvement. 

Of course standardization has corresponding advantages 
for the producer which are, naturally, indirectly of advan- 
tage to the consumer, among which may be mentioned: 


1. He is not compelled to supply, for essentially the same purpose, 
materials ordered to a variety of specifications that may differ by 
just enough to require separate production under each specification, 
involving many classifications in production, in stock piles and the 
like, with no commensurate benefit to the user. 

2. Under standardization, with respect both to dimensional and 
quality standards, the manufacturer, in times of general business 
depression, when his orders are low and buying is practically at a 
standstill,« can continue to produce “standard” material, knowing 
that when business picks up there will be a market for it. In this 
way he keeps his plant running and his organization intact, avoids 
excessive labor turnovers, prevents large increases of overhead 
expense in relation to output, can frequently take advantage of 
favorable market conditions in purchasing raw materials, and in 
general maintain the efficiency of his operations. Such considera- 
jions as these are of great importance in that they substantially 
reduce the waste in industry, which is an economic burden upon the 
entire community. 

3. The producer knows exactly what he is expected to furnish 
and how the material will be tested and inspected by the consumer, 
thus reducing to a minimum the possibilities of misunderstandings, 
which are both vexatious and expensive, 


The joint committee of the Engineering and Purchasing 
and Stores Sections of the Pacific Coast Electrical Associa- 
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tion will continue its work of simplification and standardiza- 
tion. The aim is to reduce the varieties of each item of line 
hardware and to reduce the number of similar items and 
finally to produce uniform standards for use by all member 
companies, which will bring about the many economies possi- 
ble through such a procedure, all of which will benefit the 
manufacturer, dealer, user and the ultimate consumers served 
by the utility. 

There foliow the letters from the Pacific Coast Electrical 
Association to the California State Chamber of Commerce 
and also the letter from the California State Chamber of 
Commerce to the Division of Simplified Practice, United 
States Department of Commerce. 


Office of G. M. Richardson, 
Chairman, Standardization of Material and 
Supplies Committee, 

Pacific Coast Electrical Association, 
146 N. Kingsley Drive, 

Los Angeles, Calif, 


January 17, 1930. 
Mr. George L. Eastman, Chairman, 
Simplified Practice Committee, 
California State Chamber of Commerce, 
Los Angeles, California. 


Dear Sir :— 


For more than a year the Purchasing & Stores Section of the Pa- 
cific Coast Electrical Association has been studying the matter of 
simplified practice and standardization as applied to manufacturers, 
suppliers, and users of pole line hardware. 


It has oeen found that a very wide range of sizes, shapes, and 


kinds are regularly offered for sale in all parts of the country, many 


of which could be eliminated, effecting economies by which all con- 
cerned, including the public, would greatly benefit. In addition there 
are a considerable number of special items manufactured at the 
express request of the users. 


The attached copy of the report made last year cites several 
examples of various items which are manufactured in California 
and elsewkere and used by the member companies of the Pacific 
Coast Electrical Association. 

We believe that in view of existing conditions considerable saving 
may be made to industry, and recommend that you take the neces- 
sary steps to have the Department of Commerce make a simplified 
practice survey of all manufacturers, distributors, and users of 
pole line hardware and produce a simplified practice recommenda- 
tion covering the common items of this class, including recom- 
mendations for standard packages for each item, 


We offei every assistance to you and the Department of Com- 
merce in bringing this work to a successful conclusion. 


Yours very truly, 


G. M. RICHARDSON, Chairman, 
Standardization of Material and Supplies Committee. 
Approved: 
Executive Committee, P.C.E.A. 
By, E. B. Criddle, 
President, 


Los Angeles, Cal. 
March 5th, 1930 
Mr. Edwin W. Ely, Chief, 
Division of Simplified Practice, 
Bureau of Standards, 
U. S. Department of Commerce, 
Washington, D. C. 


Dear Mr. Ely: 


The California State Chamber of Commerce, based on reports 
from its committee on simplified practice, requests the U, S. De- 
partment of- Commerce, Bureau of Simplified Practice, to take the 
necessary steps to inake a simplified practice survey of all manu- 
facturers, distributors and users of pole line hardware in the United 


States, and produce a simplified practice recommendation covering 
the common items of this class including recommendations for the 
standard packages for each item, on a basis similar to simplified 


practice recommendation No. 18, covering builders’ hardware. 

For your information we are attaching a report submitted to 
our committee by the Pactfic Coast Electrical Association, which 
is accompanied by data on seven items showing the need for sim- 
plification. The special committee of the Pacific Coast Electrical 
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Association has a complete list of all items of pole line hardware 


used by its member companies in California, which will be avail- 
able on request. 

Attached ‘also is a partial list of proposed standard packages 
submitted by Mr. H. P. Seelye, chairman, subcommittee on hard- 


ware, insulators and wire, National Electric Light Association, who 
should be contacted by your department. 

The Pacific Coast Electrical Association, through its simplified 
practice committee, desire to aid your department in every way 
possible in carrying out this request for simplified practice recom- 
mendations, 

Believing this wiil receive your immediate and active attention, 
I am, 

Yours very truly, 


GEO, L. EASTMAN, Chairman, 
Simplified Practice Committee. 


Standards and Specifications* 


HE elimination of waste is what we must all strive for 

and it seems to me simplification and standardization are 
means to that end. In order not to become unbalanced we 
must look at them as a means and not as the end. Saving 
does not necessarily result from spending less, but rather 
we should strive to get more and better results from what 
is spent. 

Theoretically, it is easy and wonderful to advocate stand- 
ardization, but often it is another question to carry it out 
in practice. It always seems standardization could fit the 
other fellow’s job but that this particular task of ours is 
different. 

If one would stop to realize what the standardization of 
the gage of the railroad and of vehicles has meant to this 
country, it would seem impossible to hesitate to extend its 
application further. 

For the United States, see what the standardization of 
weights and measures and of money has done, but see the 
confusion that results at the borders when we meet a dif- 
ferent system of weights and measures or of money. 

Standardization of time in this country has become so 
common that probably few, if any, think of it and realize 
what it would mean if each locality carried out its own 
ideas, being governed by the sun. 

Standardization, we must conciute, joes pay, but to make 
it a success the individual must look to tre whole and sub- 
merge his own desires to use something different. Stand- 
ardization will not kill initiative, improvement and advance- 
ment. 

Look at the American Telephone and Telegraph Company, 
highly standardized in methods of construction throughout 
the country—in fact many independent companies adhere 
to the A. T. & T. standards—and yet we all know that the 
telephone and the service rendered has advanced and is con- 
tinually improving. 

The incandescent lamp clearly shows what may be accom- 
plished through standardization. Has this standardization in 
anyway blocked improvement? Not at all. 

The carbon lamp of yesterday can scarcely in any par- 
ticular be compared with the inside frosted lamp of today, 
for which the selling price has been reduced 53 per cent 
since 1914 and 50 per cent since 1920. You can buy two 
lamps today for what one would cost then and today’s lamp 
will have a longer life, give better illumination and consume 
fewer watts. 


Recording wattmeters, transformers, and motors are being 
standardized more and more—yet no one will deny the vast 
improvement that has been made in the manufacture of all 
of these and similar articles. With this in mind, we wonder 
why further progress is not being made in other lines. 


* Prepared for the committee on standardization of material and 
supplies, Purchasing and Stores Section, by C. A. Kelley. 
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Why should it be necessary, for instance, to have a num- 
ber of styles of insulators for 6,600 voltage, when those 
insulators differ so immaterially. A half or even one-quarter 
inch in height is demanded; an eighth or a sixteenth of an 
inch in the diameter of the top groove seems necessary. It 
is hardly possible to think that a midway type could not be 
chosen for this particular insulator which would meet all 
requirements and effect a saving. 

In bolts and lag screws and the like, improvement is being 
made—still there are those that now want them a half inch 
longer or shorter than many others, a condition which hardly 
seems necessary. 

Wooden cross arms vary one-quarter of an inch in width 
or depth, and angle cross arm braces are not entirely stand- 
ardized. 

When we accept so many big far-reaching standardizations, 
it would appear that the task of standardizing the smaller 
things, where greater savings may be effected, should not 
be so difficult. 

As an aid to standardizing in our campaign for elimina- 
tion of waste, the supply department must have certain 
specifications upon which to work in procuring the material 
necessary for the job. It is not our province, responsibility, 
or desire to design and specify the material that is to be 
used in the construction of our plants and lines. That is 
the business of the engineers. Our task is to obtain at rea- 
sonable cost the things required and to have them on hand 
when and where needed, therefore we must rely on the engi- 
neers for the specifications we use in purchasing the material. 


Already there are many specifications which have been 
tried and tested for long periods of time, such as those of 
the American Society for Testing Materials of the United 
States Navy and other government agencies and lately from 
the Bureau of Standards, Department of Simplified Prac- 
tice. Again we must be careful not to let the means become 
the end, to let the tail wag the dog. Specifications are useful 
only when they will bring the right material to the job at 
a reasonable cost and when written with that in view will 
answer an admirable purpose, but when written to be a 
monument unto themselves, something to look at in wonder 
and awe, specifications will hinder rather than help the pur- 
chasing agent and the utility he serves. 


If you are buying to specifications you must be equipped 
to test the material: received, otherwise what use are the 
specifications? For example, I have in mind a company that 
purchased cedar poles upon certain specifications which dif- 
fered considerably from the standards used by most pro- 
ducers and consumers. A number of the producers had never 
been able to get any of the business of this concern on 
account of higher prices, due to the fact that in order to 
meet the specifications it was necessary to classify the poles 
pretty rigidly. The unsuccessful bidders often wondered how 
the successful ones got by at the prices quoted, but later 
found the answer to the riddle in the fact that while the 
purchasing company had these rigid specifications, it had 
never tested or measured one pole received. The suppliers, 
knowing this, had simply figured the price on wood run 
poles and had shipped the same. Such information travels 
fast. Undoubtedly suppliers in other lines know the habits 
of this corporation and paid as much attention to meeting 
the specifications as did the pole producers. Now, to my 
mind, that company would have been better off without any 
specifications. 


For many articles the best specification is the general 
reputation of the manufacturer for honesty and diligence and 
our experience with the actual service rendered from the 
material or apparatus purchased from that supplier. 


We must avoid believing ourselves the only honest men 
and learn to rely upon the other fellow. Our task should 
be more to pick the right manufacturer than to pick the 
right manufactured article. In such cases competition would 
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not be barred, for all of us, I feel, could mention at least 
two reliable suppliers for articles that would come under 
this category. 

Specifications, to be serviceable, must be common sense 
specifications. The purchasing agent should be trained or 
should have the assistance of those trained te know whether 
a specification furnished him is of the common sense variety, 
or merely the wild ravings of some idealist. 

Too often the writer will make the specifications so elab- 
orate and intricate that competition is practically barred 
and that there is little hope of obtaining the article at a 
reasonable cost. 

Whenever possible, nationally accepted specifications should 
be adopted. The wider the range the use of any specification 
has, the simpler it will probably be and the more it will 
tend to standardization and to the results we hope to obtain 
by the elimination of waste. 


Purchasing Department Organization 
and Procedure* 


A preliminary report on the subject, “Purchasing De- 
partment Records,” covered the following general points: 

1. The necessity for a comprehensive system of pur- 
chasing department records. 

2. Analysis and selection of essential data to be re- 
corded. 


z 8. Differences of opinion regarding departmental func- 
ions. 

4. Lack of standard procedure to guide purchasing 
agents in developing departmental records. 
=O. Relation of purchasing to other departments, and 
wumportance of co-operation. 

It was the intention of this committee to deal with 
the foregoing problems under three subject headings 
as follows: 

1. Purchasing department functions. 

2. Purchasing department forms. 

3. Simplified records and office routine. 

This report is presented in two sections: the first con- 
sisting of a general discussion of the program originally 
outlined, and the second devoted to a review of actual 
progress and results obtained by your committee in work- 


ing out a simplified and practical system of purchasing 
department records. 


Purchasing Department Records—Section I 
PURCHASING DEPARTMENT FUNCTIONS 


| hel HAS been pointed out that an almost complete lack of 
uniformity exists in the interpretation of departmental 
functions among our various member companies, and the 
following comparisons of three companies have been cited 
as illustrative examples to show the difficulty of outlining a 
standard method of procedure under these conditions: 


Company 
1 2 3 
Invoices checked in purchasing department.......... Yes No Yes 
Stores department under supervision of purchas- 
ae) eee : itehas Seedbenen .. No Yes No 
Purchase orders originated in purchasing de- 
partment para ; sadecn INO Yes Yes 


First, let us take the matter of checking invoices. There 
are arguments both for and against this work being handled 
in the purchasing department—and very good arguments 
on both sides, too. Most purchasing agents feel that in 





* Prepared by W. I. Priest, Southern California Edison Company, 
for the committee on purchasing department organization, Pur- 
chasing and Stores Section. 
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order to exercise proper control over a purchase from the 
issuance of the order to delivery of the material, it is neces- 
sary for invoices to be routed through their department for 
checking and approval. There can be little question but 
what this system’ affords the purchasing agent a somewhat 
closer contact with the seller, and keeps him better informed 
concerning shipments and general execution of his orders. 
Some purchasing agents go even further into the control of 
a purchase from order to delivery, by adjusting all O. S. and 
D claims through their department. Other purchasing de- 
partments will be found to include a division for handling 
traffic procedure, the sales of obsolete and salvage material, 
the supervision and disbursement of stationery stock, and 
what not. And in a few companies, the purchasing depart- 
ment does not even handle the buying of stationery and print- 
ing. So you see, it is rather difficult clearly to define the 
purchasing function and what it should embody. 

Going back to the invoice routine, we find some excellent 
accounting authorities who contend that the checking of 
invoice prices, terms, transportation charges, f.o.b. points, 
etc., is strictly an auditing function. And in defense of this 
system, its advocates point out that an independent check by 
the auditing staff is more effective than could possibly prevail 
where control of the purchase from inception to approval of 
the invoice is confined within one department. Theoretically, 
the auditor’s viewpoint is probably sound—he should be best 
equipped to check his company’s activities from an unpre- 
judiced angle. On the other hand, the purchasing agent will 
claim to possess the best equipment for making an intelli- 
gent check of invoices through his greater familiarity with 
the physical aspects of the transaction. But the auditor will 
probably reply to this argument by saying “Furnish me with 
a copy of your purchase order, showing complete informa- 
tion, and I will see that the seller’s invoice is rendered 
accordingly.” 

This much is certain; no matter in what department the 
checking is done, full information must be shown on purchase 
orders if invoices are checked by clerical help unfamiliar with 
commodity prices, best methods of shipment, f.o.b. points, 
etc. If this information is not shown on the order, then the 
buyer is the only person competent to approve the invdice. 
And we all must agree that this method bears out the auditor’s 
objection to having air-tight control of the transaction in the 
hands of one individual. Aside from that, and granting the 
buyer’s absolute sincerity of purpose, it is extremely doubt- 
ful if he possesses the necessary auditing turn of mind to 
inquire as thoroughly into every detail of the invoice as will 
the accounting department staff which has been properly 
trained in this particular branch of the work. 

Supervision of traffic routine, handling of claims, the sale 
of obsolete and salvage material, and decentralized purchas- 
ing are, like the invoice routine, variations which have come 
about through differences of opinion regarding proper allo- 
cation of authority, and they all are subject to much the same 
debate as the invoice question. It goes without saying, that 
all of us cannot be right in our diverse conceptions of pur- 
chasing department functions. However, it is not the pur- 
pose of this report to define the ideal set-up, but rather to 
promote some constructive thought on the subject. 


Before we can go very far toward working out a standard 
purchasing procedure, it will be necessary to find out how we 
got into this muddle. In view of the comparatively recent 
development of constructive thought and modern ethics of 
purchasing, is it altogether surprising to find such conditions? 
Hitherto, it has been largely a case of every purchasing 
agent for himself, and the devil take the hindmost, both 
within and without his own organization. Undoubtedly a 
good many of our purchasing agents have in the past been 
regarded as a sort of “law unto themselves,” maintaining a 
somewhat aloof and unapproachable attitude, and looked 
upon rather unfavorably by those with whom they came in 
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contact. 


Would we be far wrong in saying that some of 
them have possibly been afflicted with a measure of egotism 
regarding their importance in the general scheme of things, 
and thereby have earned for themselves an unfavorable 


reputation through their failure to co-operate? If so, is it 
any wonder that they have floundered around in their own 
folly in the attempt to develop a systematic and efficient 
department single-handed, instead of soliciting the co- 
operation of those who possessed specialized knowledge and 
experience in such matters? 


Certainly, when we look about us and observe the wide 
difference in the functions of various purchasing depart- 
ments, it almost leads to the conclusion that many of them 
were originally the exclusive brain-child of the purchasing 
agent. 


Happily for all concerned, these obstructive conditions are 
being remedied. Co-operation between purchasing depart- 
ments and all whom they contact, is supplanting the old “Big 
I and little You” attitude, and with this change of viewpoint 
is bound to come improved relations and a gradual stand- 
ardization of departmental functions. In the meantime it 
behooves all of us to contribute our best efforts toward the 
further building up of goodwill for the department which we 
represent. An efficient purchasing organization can render 
a multitude of important services in addition to the primary 
function of buying, but these additional features will only 
become apparent when approached in a helpful spirit. 


PURCHASING DEPARTMENT FORMS 


In comparison with other departments, the forms used in 
recording purchase transactions are few in number and rela- 
tively simple. Purchase orders, inquiry forms, price records, 
and address records will embrace practically all forms re- 
quired in the efficient conduct of a representative purchasing 
department. These, of course, do not include forms which 
are peculiar to the individual department—for instance, 
confirmation memorandums for telephone orders, memo- 
randums of purchase order corrections and changes, forms 
for recording data relative to vendors’ reliability, etc. These 
forms vary so widely in their development and use that they 
can hardly be considered as standard records. Some purchas- 
ing departments handle purchase order changes by letter, 
rather than through the use of a form designated for the 
purpose. Some maintain elaborate records covering sources 
of supply and commodity indexes, while others combine this 
information with their price records. Of course, the num- 
ber of forms required depends largely upon the scope of 
work performed. If the purchasing department takes in in- 
voice routine, traffic, claims, etc., all these activities call for 
additional forms, but these likewise cannot be classed as 
strictly purchasing records. 


REQUISITION FORMS 


On the other hand, we must consider at least one form 
which ordinarily does not belong in the purchasing depart- 
ment list, but with which we have to deal continually in car- 
rying on our work—that is, the requisition. While the 
requisition does not originate in the purchasing department, 
it nevertheless becomes a record of vital importance to the 
purchasing agent, since it represents his authority for issu- 
ing the purchase order. Therefore, the purchasing depart- 
ment copy of requisition forms should be designed to pro- 
vide convenient space for price quotations, suppliers’ names, 
shipping instructions, etc., since this copy of the requisition 
is customarily used as the buyer’s working paper and, in 
completed form, is usually the record from which the pur- 
chase order is prepared. So the purchasing agent should 
insist upon consideration for the heads of his department in 
the design of requisition forms. 


Another important feature not to be overlooked is the size 
of requisitions, and this applies to all other forms as well. 
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Much of the convenience and general efficiency of a form 
may be lost through failure to select a standard size of paper. 
Odd size forms do not fit standard files; they are awkward 
to refer to when filed with other papers, and they quite often 
add very materially to printing costs. 

The ideal sizes for requisitions are probably 8% x11 in. 
(letter size) and 8% x7 in., depending upon the number of 
items ordinarily listed on one requisition. Letter size forms 
may be printed to read from the 11-in. side of the paper, or 
from the 8%-in. side, according to the most advantageous 
allotment of space and method of filing. The smaller size 


sheets are usually printed to read from the 7-in. side. So 
much for requisitions. 


PURCHASE ORDER FORM 


Next in order, but of first importance from the purchasing 
viewpoint, comes the purchase order form. Purchase orders, 
we might say, are the records around which all purchasing 
department activities revolve. They represent the purchas- 
ing agent’s principal and most frequent contact with the 
seller. Quite often they represent his only contact with a 
certain percentage of his suppliers. And while our pur- 
chase orders unquestionably carry a welcome message to 
the recipient, they may also perform a distinctly valuable 
service for us in addition to prompt delivery of the physical 
commodities they cover. If they completely describe our re- 
quirements, are clear in their shipping instructions, and 
cover all terms and conditions bearing on the transaction, 
leaving no loophole for misunderstanding and consequent 
delay or error, they cannot fail to promote a feeling of 
respect for the efficiency and businesslike methods of the 
purchasing agent whose name they bear. 


The poorly constructed, incomplete or unintelligible puc- 
chase order will be just as distinctly unfavorable in the im- 
pression it creates. Is it not, therefore, definitely to our 
advantage to give careful thought and attention to the design 
of our purchase order forms, as the first step toward sending 
out a message which will command favorable attention when 
it reaches the addressee? 


Excellent purchase order and inquiry forms may be 
worked out from the National Standard Zone System which 
was adopted at a national conference at the Division of Sim- 
plified Practice, Department of Commerce, Washington, D. 
C., Jan. 14, 1925. The arrangement of information under 
this system conforms to the style recommended by the 
National Association of Purchasing Agents and sanctioned 
by 70 other trade associations. It is part of the Division 
of Simplified Practice Recommendation No. 37, “Standard 
Purchase Forms.” Full information and sample copies of 
these standard forms may be obtained by addressing the 
National Association of Purchasing Agents, Woolworth 
Building, New York City. 


Ample latitude is provided in the National Standard de- 
signs to permit flexibility in their adaptation to the indi- 
vidual needs of any company in any line of business. Dimen- 
sions recommended are 8% x7, 11, or 13 in.; all sizes, of 
course, being arranged for mailing in window envelopes. 


The number of purchase order copies to make is a question 
which concerns all of us, and one almost impossible to answer 
collectively, since it depends entirely upon the general organi- 
zation plan and the routine methods of other departments. A 
careful study of the average purchasing department and its 
interrelation with other divisions of the organization would 
very likely reveal in most cases, that either too few, or too 
many copies are being made. And right here it should be 
emphasized that there is only one known method of bringing 
about simplification and economy in our work, and that is, by 
keeping everlastingly at it. A periodic check-up will show 
some opportunities for improvement, but to be truly effective 
in our efforts we must be continually on the alert for the 
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best method of performing the job at hand. Some of our 
purchasing departments are, without a doubt, issuing copies 
of purchase orders every day which are essentially useless, 
all because somebody requested them and nobody in the pur- 
chasing department has taken the trouble to find out whether 
or not they are being put to any practical use. On the other 
hand, an extra copy of the purchase order would, in some 
organizations, be a distinct benefit and a direct saving of 
time and money in one or more departments where it could 
be used to replace a more laborious and expensive method. 
Some of these very discoveries will be described in the second 
section of this report. 


As to the method of producing purchase order copies, 
that, too, is a matter of preference and interdepartmental 
requirements. There are several good systems from which 
to choose. Where a comparatively small number of copies 
are sufficient, and the distribution does not vary, one of the 
carbon paper processes will usually be found satisfactory. 
However, in the case of six or more copies, and especially 
when the number varies according to several different 
classes of orders, a duplicating process will provide greater 
flexibility and produce more legible work. Another good 
feature of the duplicating method is the facility of making 
extra copies at a later date without retyping. 

Make a study of the requirements of your department and 
your associate departments, not overlooking the vendor. He 
is entitled to some consideration, too—and if your purchase 
orders do not measure up to standard in appearance or use- 
fulness, enlist the co-operation of all concerned and do some- 
thing about it. Bear in mind, every purchase order tells a 
story of some kind.. 


PRICE RECORDS 


Price records have been developed under the influence of 
so many different ideas and opinions that no complete analy- 
sis of their merits and weaknesses can be covered in this 
report. 


It is generally agreed that some system of price reference 
is necessary, yet there are purchasing agents who question 
the worth of such a record, especially when extended to 
cover all items purchased. The elaborate price record is 
often subjected to criticism on account of the labor and equip- 
ment cost of maintaining it. On the other hand, a modified 
system will usually develop some disappointing features in 
its operation. In the first place, the selection of items to be 
recorded under the modified plan is necessarily a matter of 
judgment, frequently the judgment of several persons. That, 
in itself, presents a problem, as scarcely any two individuals 
will agree on the relative importance of items to be posted. 
Furthermore, the modified record often has a tricky way of 
failing to deliver certain information when it is desired. Out 
of a clear sky somebody has occasion to refer to an item 
which it had been considered unnecessary to record. Right 
then and there the price record gets a black eye. Maybe the 
desired information was of no great importance, but never- 
theless, all of us like to find what we want when we want it, 
and if it isn’t forthcoming in short order, then it is human 
nature to condemn the thing that caused our annoyance. 

In the second section of this report a simple and inexpen- 
sive price reference system is described. This method is at 
present in the experimental stage, but it appears to possess 
several worthwhile features. 


ADDRESS RECORDS 


Address records, while important in the daily conduct of 
our work, offer no particular problem. So long as they are 
kept up to date and afford convenient reference, the form 
is a secondary matter. There are several good visible ad- 
dress systems on the market; however, a simple card record 
or loose leaf book is less expensive and may serve all pur- 
poses where the address list is comparatively small. 
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In concluding this outline of purchasing department pro- 
cedure, it is desired to point out that no attempt has been 
made to cover all of the questions involved. There are many 
additional features worthy of our careful study, but in gen- 
eral, the methods discussed will govern just as effectively in 
dealing with these other steps.. It has been the purpose to 
present sound principles, rather than to describe routine in 
this section of the report, for we must first understand some- 
thing of the underlying causes of our problems before we 
can successfully work out their solution. 


Possibly it may seem that we have digressed somewhat 
from our original subject in discussing departmental func- 
tions and policies, but it is obvious that these matters have 
a direct and important bearing on the systematic develop- 
ment of purchasing department records. 


Review of Development of Purchasing: De- 
partment Records of the Southern Califor- 
nia Edison Company—Section II 


It should be understood that our purchasing department 
records are still in the process of development. We expect to 
be developing them as long as we are in business. Conditions 
change; methods change, needs change; and we must keep 
pace with them, or else fall behind in the modern business 
parade. 

With this thought in mind we started out, some two years 
ago, to reorganize our purchasing department and bring it 
up to as high a standard of efficiency as possible. To ac- 


complish this would, we realized, require considerable time, ° 


and much study and investigation. But we believed the 
results would justify our efforts. 


As the first step in this program, we requested our auditor 
to delegate someone from his department who had thorough 
training and experience in office organization and methods, 
to start us off on the right track. Our company’s special 
accountant was assigned to this job, which required several 
weeks, but equipped us with the necessary plans and per- 


sonnel to carry on from that point, using the material at 
hand. 


USE OF DUPLICATOR 


However, one marked improvement had been installed 
prior to the general reorganization just mentioned. We had 
been using a carbon paper process for producing purchase 
order copies, but this method did not possess sufficient flexi- 
bility for our particular needs. Our purchase orders are 
issued in a variable number of copies, ranging all the way 
from eight to twelve; and sometimes more—depending upon 
the requirements of other departments. One order may call 
for material to be inspected, necessitating two extra copies 
for the inspection department; the next may cover com- 
modities purchased on contract, which requires extra copies 
for contract files, and so on. The carbon paper process was 
not adaptable to this condition, and did not produce clear 
copies when the number ran above six or eight. Another 
bad feature was the inconvenience of correcting typograph- 
ical errors. Se we replaced this method with a duplicator 


installation, and have found the following advantages in 
its favor: 


1. Enables typists to work with one sheet of paper, known as 


the master copy of the order. 


2. Facilitates correction of typographical errors. Typist has only 


the master copy to correct. 


3. Additional copies may be reproduced from original without 
retyping, even after several months in the files. 

4. Flexibility—any required number of copies may be made from 
each original. 

5. Permits checking of original and correction of errors before 
copies are made, 

6. Miscellaneous uses—departmental instructions, bulletins, cir- 
cular letters, etc., may be quickly and inexpensively produced. 
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STANDARDIZATION OF PURCHASE FORMS 
The duplicator also enables us to standardize our pur- 


chase order forms. Formerly, it was necessary to use a 
special form and a separate series of numbers for telephone 
confirmation orders, due to regular order forms being printed 
in a multiple strip of consecutively numbered sets for use 
in fanfold machines. This called for separate files for each 
class of orders, and complicated matters in general. Begin- 
ning with the change of equipment and continuing until 
quite recently, we had the original—or master copy—of 
our purchase order form printed and consecutively numbered 
in duplicating ink. Typing, of course, was done with a dupli- 
cating ribbon. Thus, the entire original was reproduced on 
all copies. While a decided improvement over the old method, 
we were never entirely satisfied with the appearance of copies 
reproduced from the printed portions of this form. It was 
always more or less trouble to obtain uniform results from 
order forms printed in duplicating ink, so we began to look 
around for a way to overcome that drawback. And just 
within the past two weeks we started using a new purchase 
order form which entirely solves the problem, to say nothing 
of a saving in printing costs and increased speed in operat- 
ing the duplicator equipment. 


The original of this new order form, and the vendor’s 
copy are printed in purple ink, which of course does not 
reproduce when run through the duplicator. Purple ink was 
used in printing to match typewritten portion of order as 
nearly as possible. No other copies are printed; blank paper 
of different colors being used to identify distribution to our 
various departments. For instance, our general store copies 
are blue and buff; auditor’s copy, green, etc. All interde- 
partmental copies show only the typed information, there 
being no necessity for the printed matter to appear on other 
than the vendor’s copy and original. The original is our 
purchasing department file copy, and the printed form is 
necessary in this case as a guide in typing. Hitherto, all 
copies were made on white paper with departmental identi- 
fication printed in upper corner. But colored paper affords 
a better method of identification and is less costly than print- 
ing. We were also ordering all copy paper punched for filing 
in loose leaf binders. Investigation revealed the punching 
unnecessary in the case of all but one or two departments, 
so we reduced the printer’s bill a little more on that account. 

Briefly, as a result of the duplicator installation we ob- 
tained: 


Flexibility to fit our needs 
Standardization of forms 
Better appearing orders 
More legible copies 
Accuracy of work 


NUMBERING OF PURCHASE ORDER FORMS 


Beginning with our latest printing of purchase order 
forms we introduced a decided innovation in the method of 
their numbering; eliminating the use of order numbers 
assigned in the purchasing department and substituting the 
requisition number instead. In other words, the requisition 
number automatically become a purchase order number when 
it reaches the buyer. No numbers are printed on our present 
order forms. The converted requisition number is typed in 
the space provided, at the time the purchase order is written. 
For one immediate advantage, this saves accounting for all 
printed numbers, and eliminates waste due to numbered 
forms being spoiled in typing. 

Before deciding to try out this numbering experiment we 
submitted the idea to all departments which might be af- 
fected by its adoption. And in every instance, after giving 
the matter consideration, the plan was approved. Practic- 
ally everybody concerned expressed the opinion that the 
change would simplify their work. 
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At first, the idea appeared impractical from a purchasing 
department standpoint. Order numbers had originated in 
this department for so many years that we had come to 
look upon them as almost as necessary as the purchasing 
agent himself. Purchase order numbers were our trademark 
within the company, and our badge of identification to the 
outside world. However, taken by itself, that argument was 
largely a matter of tradition. Purchase order numbers are 
necessary, no question about it, but we reasoned it out this 
way: “Why isn’t one number as good as another, so long 
as it serves the purpose of identification and reference? 
Centainly the vendor doesn’t care what kind of a number 
we use; he only places it on our packages and papers to 
accommodate us, and because we request it.” For a num- 
ber of years we had been asking our suppliers to show both 
requisition and order numbers on their shipments, to enable 
us to account for them properly. Surely the use of one 
number instead of two would reduce the chances of error 
on their part, and resultant delay and inconvenience to us. 
Mistakes are costly, and avoidable mistakes a dead expense. 

Returning to our own organization, we failed to find any- 
body who expressed the need for a special order number 
originating in the purchasing department. Requisitioners 
preferred to identify shipments by their requisition numbers; 
cur accounting department found that the combination num- 
ber would simplify their invoice routine, and so on down 
the line. 

So the decision worked back to us, and by that time the 
plan had begun to look somewhat feasible. We were re- 
ceiving a hundred or more requisitions every day. Why 
not use the numbers which they carried as our purchase 
order reference? Well, for one thing, it would upset our 
filing system. (We have more than a hundred authorized 
requisitioners, each with a different series of requisition 
numbers assigned by themselves.) Then why not make the 
filing system fit this condition, since it appeared that a 
combination requisition-purchase order number would be an 
advantage to all departments, with the possible exception of 
this one factor in the purchasing department? 

We had maintained three separate files in connection with 
the old consecutively numbered orders. Requisitions were 
classified by origin and filed numerically, master copies of 
purchase orders were filed alphabetically by vendors, and a 
second copy of all orders was retained in the purchasing 
department and filed numerically in bound books. The alpha- 
betical file presented our biggest problem in working out 
details of the proposed change, as all supporting papers 
except the requisition were attached to the master copy of 
the purchase order and filed under vendor’s name in numeri- 
cal sequence. Most of us considered this master file the 
virtual backbone of the department, as it was our principal 
source of reference. Even so, it was apparent that much 
of its convenience would be lost with the adoption of the 
new system, since all numerical reference value would be 
destroyed by the widely scattered series of requisition num- 
bers. On this account we finally had to give up the idea 
of continuing an alphabetical file, and figure out some ef- 
fective method of replacement. So we decided upon the 
following procedure: 


An individual folder is indexed with each requisition order 
number, and all supporting papers filed therein. If two 
or more orders are issued from one requisition to different 
vendors, all are given the same number and filed in the one 
folder. These folders are classified according to requisition- 
ers and filed numerically in their respective divisions. Refer- 
ence to this master file is by number and requisitioner only. 
This set-up eliminated our alphabetical file entirely, con- 
solidating it with the requisitions. 

Next came the disposition of the purchasing department 
second copy of the order, since it was no longer desirable 
to file it numerically. We thought of discontinuing it entirely, 
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but one idea sometimes leads to another, and we hit upon 
a plan of filing this copy under commodity headings and 
using it as a buyers’ reference. This file has just been 
started, but it appears to offer even more possibilities than 
we first expected. We believe it may replace our present 
price and commodity records after a few months’ operation. 

Now let us summarize a few of the advantages gained 
by this radical change in purchasing department procedure: 


1. It is easier for the vendor to mark his shipments and render 
invoices correctly. 

2. Purchase order forms simplified and printing costs reduced. 

8. Placing of telephone confirmation orders simplified for buyers. 

4. Simplifies identification of material received by requisitioners. 

5. Reduces labor of posting store stock records. 

6. Auditing and payment of invoices expedited through reduction 
of errors in billing. 

7. Files may be consolidated throughout our entire system where 
purchase order copies and requisitions have been filed separately. 


And we believe additional benefits will become apparent 
with further experience. 

I have gone into considerable detail in describing this 
method of numbering purchase orders, because we devoted 
a great deal of time and study to its possibilities of success 
before reaching a decision to adopt it. We hope our experi- 
ence will prove profitable to other Association members. 


RECEIVING DEPARTMENT COPY 


While on the purchase order subject, I want to mention 
one other feature of the new form which promises greatly 
to simplify the work of receiving clerks in our general store. 
These new forms are standard letter size, 8% x11 in., with 
the exception of one copy which measures 9% x11 in. After 
running through the duplicator, one inch is trimmed from 
the left hand margin of this copy, reducing it to standard 
size and providing an extra inch of writing space on the 
right hand margin. All quantities are removed by the 
trimming operation, but the copy is otherwise complete. This 
copy is turned over to the receiving department and used 
as their report of material received. Receiving clerks enter 
quantities only, as all other information is automatically 
taken care of. Hitherto, reports of material received were 
written out by hand. The new method eliminates incomplete 
descriptions, expedites checking of material received, and 
reduces the cost of clerical labor necessary under the old 
system. This is one example of where a very little extra 
work done in one department may effect a considerable 
saving in another. 


ELIMINATING MISDIRECTED SHIPMENTS 


To be really efficient, a purchasing department must not 
only exercise good judgment in buying the proper commodi- 
ties at fair prices, but also see that suppliers are furnished 
with definite and correct instructions regarding delivery. 
We all know the annoyance and expense caused by mis- 
directed shipments. 


During the past year we have reduced our troubles on 
this account to a minimum. Experience has taught us that 
requisitioners cannot always be depended upon to show 
specific addresses and shipping directions on their papers, 
so about a year ago we took the matter into our own hands 
and compiled a complete directory of company locations to 
which shipments of materials and supplies may be con- 
signed. This volume, known as our “Traffic Bulletin No. 1,” 
covers exact location, mailing address, and instructions for 
directing freight, express, and truck shipments to approxi- 
mately two hundred and twenty-five points in our territory. 
Accumulation of reliable data for this bulletin required 
several weeks, but the information has proved almost in- 
valuable in the correct issuance of purchase orders. 

Some twenty copies of “Traffic Bulletin No. 1” are now 
rendering important service in a dozen or more of our 
other departments, and we receive frequent testimonials 
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to their usefulness. This is another example of co-operation 
between departments for their mutual benefit. 


‘BLANKET ORDERS 


Within the past few months we have simplified our pur- 
chasing department routine through the use of blanket pur- 
chase orders covering rubber stamps, business cards, and 
gasoline and lubricating oil requirements. Formerly, sep- 
arate purchase orders were issued on each requisition re- 
ceived for rubber stamps and business cards. Two blanket 
orders, covering a period of one year each, now take care 
of our rubber stamp and business card requirements. Gaso- 
line and oil orders now cover a period of six months, whereas 
we used to issue approximately one hundred and twenty- 
five new orders each month for deliveries of these commodi- 
ties to various locations. Through these comparatively sim- 
ple changes in procedure we effected the following econo- 
mies: Reduced the yearly total of purchase orders for gaso- 
line and oil from fifteen hundred to two hundred and fifty. 
Using an average of ten copies to the order, we will elimi- 
nate twelve thousand five hundred copies a year by this 
move. Rubber stamp and business card orders ran about 
one hundred aw month. Reduced to one yearly order for 
each of these items, we will save nearly twelve hundred 
orders and twelve thousand copies over a twelve-month 
period. These represent economies in the purchasing depart- 
ment only, and we do not take into consideration the time 
and expense saved in handling requisitions, invoices and 
other papers throughout our system. 

There are a number of other steps we have taken to 
simplify our purchasing department records and procedure, 
and at the same time render service to other departments, 
but the cases reviewed here will demonstrate what we are 
trying to accomplish, and the thought we endeavor to keep 
in mind, which is “Simple and direct methods without loss 
of efficiency.” 


The Purchasing Department—Why?* 


oo reasons for the existence of any purchasing depart- 
ment are but two. First, it furnishes a means of pro- 
viding materials necessary for the operation of the company; 
second, it obtains these materials at the lowest cost con- 
sistent with quality. 
Under the first heading, the subject of interdepartment 
relations is important. 


INTERDEPARTMENT RELATIONS 


The purchasing department should be of assistance to 
other departments in many other ways than merely that of 
buying what is requisitioned. The buyer often is in posi- 
tion to know of new developments and devices that may not 
have come to the attention of others. Hence other depart- 
ments should inquire of the purchasing department before 
departing upon a search for something needed, thereby, per- 
haps, saving a great deal of effort. It is also possible, for 
the same reason, that the purchasing department may be 
able to suggest a different article than the one asked for 
on a requisition. 


The purchasing department should be of assistance to the 
engineering department in simplification and standardiza- 
tion matters, to the sales department in commercial matters, 
to the accounting department, stores, and construction de- 
partments in the daily problems that present themselves. In 
short, the purchasing department should be one rendering 
service to all other departments, never one supreme unto 





* Prepared for the committee on purchasing department organiza- 
tion, Purchasing and Stores Section, by F. R. Sherwood. 


487 





itself, as the primary reason for its existence is to provide 
material for others to work with. 


Under the second heading, the question of public relations 
is paramount. 


PUBLIC RELATIONS 


Every buyer of merchandise and every seller must have 
confidence in each other to the extent that the buyer feels 
he is receiving fair prices, and the seiler, that he is in turn 
receiving fair treatment at the hands of the buyer. Without 
such confidence the business of buying becomes one of skep- 
ticism and doubt on the buyer’s part, and a feeling, on the 
part of the seller, that the buyer will take advantage of him 
unless he guards himself carefully. This sort of relationship 
does not tend to make business transactions friendly ones, 
and does incalculable harm to both. 

Bids must be kept inviolate by the buyer. If prices are 
not kept secret, confidence is lost, and the respect of the 
seller for the buyer is gone forever. If prices are disclosed 
to a competitor, the competitor immediately suspects that the 
next bid of his own may be disclosed to another. There 
should be no exceptions whatever to the rule that quotations 
given a buyer are for his and no one else’s inspection. Once 
a price has been given, it should be final. If a seller is given 
an opportunity to revise his price, due to market changes, 
altered specifications, or for any other reason, the same must 


be given to every seller interested, or the buyer has been 
guilty of unfair tactics. 


Simplification of Stores Accounting* 


Without attempting to provide a standardized system 
of accounting for the stores departments of all com- 
panies, this report suggests various simplifications in the 
method of handling stores accounts which will shorten 
the time required at the present time. 


E have assumed that the greatest benefit from the sim- 
plification of stores accounting will be the possibility 
of getting our final answer earlier than we are getting it at 
the present time. No system of accounting could be stand- 
ardized for the stores departments of all our companies. 
The general set-up is very different. Some companies operate 
over a large territory and others are confined to small areas; 
but, in general, the answer we all need is a system that will 
enable us to supply the material when needed and to see 
that it is correctly disbursed and entered into the general 
capital and operating accounts of our companies. The detail 
of this work is tremendous and it seems proper to bring 
out some general thoughts on the subject. 
Stock REcoRD 

The central point in the accounting connected with the 
stores department and the point from which all the other 
features radiate, is the stock record system. This might be a 
stock card, or a ledger, but some form of stock record is 
necessary as a guide to the purchase and usage of materials. 
The stock record should show: 


' 


1. The article fully described. 

- Date and number of storekeeper’s requisition. 
. Quantity ordered. 

Purchase order number, 

5. Vendor’s name. 

6. Date material is received from vendor. 


1 WwW bo 





Report of committee on simplification of stores accounting, Pur- 
chasing and Stores Section. William Maddock, Los Angeles Gas 
and Electric Corporation, chairman. 

Los Angeles Gas and Electric Corporation: M. A. McMillan. 
Pacific Gas and Electric Company: F. P. Hanson. 

San Diego Consolidated Gas and Electric Company, G. N. Riblett. 
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7. Quantity receivea. 
8. Price paid. 


The disbursing side of the stock record should show: 


1. Balance of material on hand at all times. 
2. Job number, account number and quantity disbursed. 


3. Materials received which are returned on credits from the 
system. 


SIGNALLING CODE FOR ORDERING MATERIALS 


A signal system, depending upon the kind of record used, 
should be used to call attention to stock which has been de- 
pleted to the ordering point. The storekeeper should be 
advised at once when this condition of the stock has been 
reached, and it is recommended that a form be used for this 
purpose. This form should show: 

1. The article. 


2. Quantity on hand. 


3. Ordering point. 


This form should be sent to the warehouse and data 
checked with the warehouse stock to ascertain if the stock 
record agrees with the physical stock. If such is not the 
case, a signal should be placed on the stock record to show 
that the item needs investigation. 

After study of the usage of this material, the storekeeper 
should place a requisition on the purchasing department to 
yurchase an adequate supply. The purchasing agent should 
send io the stores department a copy of his order on the 
vendor. When the material is received, the storekeeper 
should send a certificate to the purchasing agent, certifying 
for delivery. Should transportation charges be necessary, a 
requisition should be sent to the transportation department 
or outside company to perform the work. 

Defective material, or material delivered in error, should 
be returned to the vendor and signature obtained therefor 
on a proper return form. 


ORDERS ON THE STOREKEEPER 


No material should be issued without an order, nor should 
it be returned without a credit. Various printed forms can 
he devised to expedite this work. In general, all forms 
should show: 


1. Article described in full. 

2. Quantity ordered, 

3. Quantity issued, 

4. Where to be used, 

5. For what usc. 

6. Account to be charged, 

7. Tob number. 

8. Department. 

9. Signeture cf stores department man issuing material. 
10. Signature of rman receiving material, 


In the body of these forms it is well to have printed in 
alphabetical order as many as possible of the common items 
used, as this teaches the men the proper name of the ma- 
terial, as well as being more legible and, therefore, easier 
to post to the stock record. 


It has been found an advantage to have a form printed 
for pipe orders and also one for wire orders, with tally 
record, and to allow no other materials to be issued on these 
storms, which are special for these articles. 


It is advisable to use a color scheme to designate quickly 
charges and credits, charges being white with black printing 
and ruling, credits blue with red printing and ruling. 


METHODS OF CHARGING OUT MATERIALS 


The orders on the storekeeper should be posted to store- 
room charges and each month a charge should be sent by 
the storekeeper to the departments withdrawing the material 
for all material withdrawn during the month. This charge 
should be signed by the department head, which should be 
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sufficient certification that the material has been used and 
charged to the proper capital or operating accounts. This 
then can be entered in the ledgers of the company. 


PRICING OF ARTICLES 


This should be done by the price clerk whose duty it is to 
make prices. It has been my experience that the greatest 
differences between the value of the physical inventory and 
the book value have been caused by errors in pricing articles. 
‘There are several ways of pricing, but the simplest is that 
of an average combined price. Price sheets should be kept 
and a new price brought down each month. 


CLASSIFICATION OF STOCK 


In order to get more accurate inventories and distribute 
the work over the whole year, material should be divided 
into several classes and inventory of some of these classes 
can be taken each month. This method simplifies the inven- 
tory work and the entire stock is inventoried once a year. 
Stock such as tools, pipe and wire, if thought advisable, can 
be inventoried twice a year. 


INVENTORY OF STOCK 


An inventory card should be used for this work, originals 
of light weight paper with carbon back, and the duplicates 
of heavy card ruled alike. These should be numbered con- 
secutively to avoid loss in collecting the cards. This card 
should show: 


1. Article described in full. 
2. Count as of certain date. 
3. Material received after count. 


4. Material issued after count. 


When the cards are returned from the warehouse, they 
should be entered on a stock inventory sheet, and figures 
from stock card should be placed after the actual count 
figure, for the purpose of determining overage and shortage, 
and then priced and extended to show the value of the inven- 
iory of the particular class of material taken. 


CONTROL OF STOCK 


The inventory value of a certain date, plus the value of 
the purchases, plus the value of material returned, minus 
the value of the material used, should be the value of the 
stock at inventory date, which should equal the book value. 
After careful research for errors, the value of the class 
balance should be adjusted. 


EMPTY CONTAINER RECORDS 


Empty containers should be given a number and a record 
kept showing: 


— 


- Name of vendor. 

. Vendor’s number. 

3. Description of container. 

4. Ovder number. 

. Material received in container. 
6. Amount charged. 


wm CO to 


or 


Careful record should be kept of all movements of con-f 
tainer from the time received until returned for credit. 


WorK ORDERS 


All operations in the manufacture of an article should be 
done on a work order; all material and labor should be 
charged to this work order and brought back into the ma- 
terial and supplies account at the proper price of the finished 
product. 


SALES TO EMPLOYEES 


These should be made upon request if accompanied by a 
properly approved requisition. A bill of sale should always 
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be given the employee and the usual standard forms of billing 
are the best. 


CONCLUSION 


The tremendous detail required in compiling these accounts 
is well known to all interested. The paper simply covers 
some points in general for the use of those laying out a sim- 
plified stores accounting system. 


Contracts* 


3 IS perhaps correct to say that all contracts covering 
the purchase of materials, supplies and equipment as well 
as construction contracts should be negotiated by the pur- 
chasing department of a utility, because this is a standard 
practice today, although it has not always been so. 

As the negotiations are covered by the purchasing depart- 
ment, it also follows that it must assume the major respon- 
sibility for the details of the final contract itself. 

There is often a tendency, in the rush of work, for the 
purchasing department to overlook the importance of certain 
details of the contract and this is to be condemned, for, 
although the contract is infrequently referred to in case of 
a dispute, it is important in these unusual cases that the 
contract be so worded that it would be interpreted in court 
to mean just what the purchaser intended. 

It is usually impractical for the purchasing department 
to assume full responsibility for the financial details such 


as terms of payment, prices, etc., so the contract, before ~ 


acceptance by the purchaser, should be referred to the engi- 
neering department and also to the law department for ap- 
proval. It is important to note here that anyone examining 
a contract should have at least a general knowledge of the 
previous arrangements made and the engineering features 
of the work, together with a fair knowledge of contract lore. 
This is important because a statement involving a payment 
to be made contingent on the fulfillment of certain engineer- 
ing requirements might be interpreted in three different 
ways, one each by the financial, engineering and law depart- 
ments. It is desirable therefore, that one of the three, pre- 
ferably the engineering department, should have a general 
knowledge of the other two features of the work, since it 
must assume responsibility for the economic efficiency of the 
project. 
ROUTINE ON CONTRACTS 

A great deal of time will be saved in the handling of pur- 
chase contracts if the purchaser has his own form of con- 
tract which can be drawn up in a minimum of time and which 
makes use of standard clauses requiring that only the vari- 
able features be given separate consideration. 

Many manufacturers have their own forms of standard 
contracts and these are checked easily by keeping available 
a copy of each of these forms for the inclusions and changes 
which it is customary to insist upon. If the endorsements 
on the contract agree with the changes in the sample it may 
be safely passed without detailed checking. 

A scheme which promises to be of great value in eliminat- 
ing detail work is that of having an annual contract, not 
only to cover lamps, poles and meters, etc., but also a general 
annual contract to cover major equipment such as transfor- 
mers, generators and turbines. 

This contract should be drawn up to cover all of the 
above types of equipment and would be supplemented by a 
purchase order which would be placed against it. Terms of 
payment, shipping instructions, etc., could be shown on the 
purchase order. 





* Prepared for the Purchasing and Stores Section, by J. H. Hunt. 
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In this way many large items that are now purchased on 
separate contracts and require considerable detail, could be 
covered by a purchase order with full protection in such 
items as infringement protection, guarantees, etc. 


CONSTRUCTION CONTRACTS 


On construction contracts covering the furnishing of labor, 
materials and equipment there are certain details to be taken 
care of that are not included in the handling of contracts 
covering the furnishing of supplies. 

The matters of particular importance concerning contracts 
with public utility companies are for the most part matters 
of importance in any contracts involving construction work 
and materials. Contracts contemplating large construction 
projects by public utilities can only be performed after ob- 
taining the necessary consent of the Railroad Commission. 

Aside from these special considerations which affect public 
utility contracts of a special nature, the following matters 
are of prime importance in the matter of all construction 
contracts made by the utility. 


1. Promptness of performance is usually very important. Large 
sums of money are tied up in the project. The property cannot 
become operative until the work is completed and the liability of 
the company for taxes is therefore increased. Prospective income 
and development of the company await the completion of the con- 
tract. The project involved often requires months or years to com- 
plete at best, and every contractor must complete his job on sched- 
vle in order to permit the other contractors to proceed with their 
work. Consequently a definite date or time that can be guaranteed 
is inserted in practically every contract, before which the work 
must be completed. Time is made the essence of the contract, 
which permits the utility to declare a forfeiture or breach for 
failure to complete within the time specified, without notice or 
allowances. In many instances a provision is inserted giving the 
contractor a bonus for every day that he can save above the time 
fixed. More often a penalty clause is inserted providing liquidated 
damage for every day the contractor fails to complete the contract 
beyond the date fixed therein. 


2. Protection against liabiliay for injury to the contractor or his 


employees under the Workmen’s Compensation Law is another 
important consideration. Attention must be given to the terms of 
the contract so as to avoid possibility of it being construed as a 


contract of employment, rather than a contract with an independent 
contractor. 


This is secured by avoiding provision for detailed control and 
direction by the utility of the methods employed by the contractor 
and his employees. A lump sum contract price for a given job pre- 
sumes that the contractor is an independent contractor rather than 
an employee and therefore that he and his employees do not come 
within the provisions of the Workmen’s Compensation Act as re- 
spects the utility. We further protect ourselves in this matter by 
reguiring the contractor to carry the necessary compensation in- 
surance and the insertion of a provision in the contract to that 
effect raises a presumption that the relationship is that of an inde- 
pendent contractor. 


3. A third consideration is protection against liability under the 
Mechanic’s Lien Law. This is secured, first, by requiring the con- 
tractor to furnish a bond running both to the utility and to all 
material men and mechanics employed by the contractor in connec- 
tion with his performance of the contract. Secondly, we record the 
original contract and bond before commencement of work, which 
limits the utility’s liability to mechanics and material men to the 
amount due under the contract to the contractor. In the third 
place, the contract provides that a substantial portion of the con- 
tract price shall be withheld until over thirty days after the com- 
pletion of the work, which permits the utility to file a notice of 
completion of the work within ten days after said completion, thus 
shortening the period within which a mechanic’s lien may be filed, 
from ninety to thirty days. Thus the period expires before the 
final payment is made. If liens are filed within the thirty day 
period, then the utility may apply any portion of the withheld con- 
tract price to remove the same. 

4. Protection against fire and public liability are other matters 
that are often provided for in the contracts. The matter of secur- 
ing public liability protection by provisions calling for the securing 
of appropriate policies has proven a difficult problem. It is difficult 
to find an insurance carrier who will furnish a form of policy that 
really gives the utility any protection, for the reason that such 
policies, if insuring the utility alone, exempt the insurance com- 
pany from all liability caused by any negligence of the utility or 
its employees. As it is difficult to conceive of the utility being liable 
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in the absence of actual or presumed negligence, this exception 
makes the policy practically worthless. On the other hand, if the 
policy insures the utility jointly with the contractor against public 
liability, it exempts recovery for injuries to the property and em- 
ployees of both the contractor and the utility, even though the 
injury to the property or employees of the contractor (or utility) 
may be caused by negligence of the utility (or the contractor). 
This subjects the contractor or utility to liability of suit by per- 
sons against whom the utility or contractor can not protect thermh- 
selves, either by public liability insurance or workmen’s compensa- 
tion insurance. , 

In order to be certain that the contractor is properly and fully 
covered on public liability and property damage, it is good business 
to insist on the contractor submitting his policies for examination 
by your legal department. You will be surprised at the number of 
policies submitted under which you are not fully covered and on 
which it is necessary for the insurance company to attach riders 
giving you full coverage, 

5. The matter of requiring bonds on construction contracts de- 
pends very much on the standing of the contractor. In a case 
where you have had a number of previous contracts with a con- 
tractor and all contracts have been completed satisfactorily in 
every way, it would appear to be in order to waive the bond. On 
the other hand, if the successful bidder on a job happens to be a 
contractor with whom you have had little or no previous experience, 
it is well to insist on a bond. 


Numerous other matters might be mentioned which become 
important in different types of contracts, such as protection 
against patent infringements, performance guarantees, cove- 
nants to replace defective parts, etc. However, the foregoing 
discussion covers the matters with which the utility is gen- 
erally more particularly concerned. 


Reciprocity in Purchasing* 


ener purchasing is a subject which involves 
many angles. Fundamentally it is the old story of “You 
did something for me so I am glad to do something for 
you.” If I today borrow a dollar from you and tomorrow 
you come along and want to borrow one from me, I would 
be ungrateful if I did not reciprocate and let you have it. 
That’s reciprocity—isn’t it? In its simplest form its applica- 
tion is easy of determination, but in business it does not 
always appear in such form and cannot always be so easily 
measured. Did you hear—sure you have! “I purchase my 
requirements from you so you should buy yours from me.” 
“I use your power so your requirements in my line should 
be purchased from me.” If that was all that was involved 
it would be simple, but there are many other factors to be 
considered in a business such as ours. There may be those 
who do not purchase anything from us, but from the angle 
of reciprocity through rendering a service and their contri- 
bution to the growth and success of our business, should 
receive equal and, at times, preferential consideration. 


The day of the old methods of purchasing, whereby every- 
one is for himself and “The Devil take the hindmost” is fast 
passing, and the position of the purchasing agent is placing 
buying on the plane where it belongs. “In the good old 
days”—how many times do we hear that? How would you like 
to go back to the horse and buggy, unpaved streets, cinder 
sidewalks, kerosene lamps, the old well with a. bucket and its 
rope, horse cars or walk, telephones at the corner drug store 
where you only could talk a few miles? Those were the 
“good old days.” Yes, they were! I’ll take the present days 
—and I don’t know who wouldn’t, do you? Well, anyway, 
those were the days when the executives of a business would 
say to a purchasing agent, “Your job is to get the best pos- 
sible price—your success as a purchasing agent is going to 


* An address by H. L. Harper, Graybar Electric Company, delivered 
before the Purchasing and Stores 


Section at its Fresno meeting, 
April] 16, 1930. 
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be measured solely upon your ability to get the best price.” 
Maybe someone heard of reciprocity in purchasing in those 
days—lI expect they did, for friendships and expressions of 
gratitude have always been one of the foundation stones of 
civilization. 

This is a new era. The progressive executive today is the 
one who lays down a policy for his purchasing agent to fol- 
low, and sees to it that he views his responsibilities on the 
basis of the over-all problem of his company’s business, and 
in addition considers the economic structure of his com- 
munity’s welfare and those with whom he does business, and 
also follows practices which are recognized as ethical. I 
want to pay tribute to the principles of purchasing as laid 
down by the National Association of Purchasing Agents and 
the good work which they are doing to educate business upon 
the importance of observing the principles which they enun- 
ciate. They are making a valuable contribution to all busi- 
ness through recognizing fair dealings for all and by 
strengthening the fundamental and economic position of all 
business and enterprises. This, when all is said and done, 
is the very foundation of our country and the medium 
through which employment at good living wages and pros- 
perity and happiness are disseminated to our people. 

It strikes me that there are some clearly defined funda- 
mentals involved which we should take into account when 
doing our buying: 

1. The Responsibility of the Concern With Whom We Are 
Considering Placing Business—Such factors as financial 
ability to perform satisfactorily on contracts awarded, ante- 
cedents on previous performances, capacity, character, honor- 


able and ethical dealings under all conditions, are to be 
considered. 


2. Activities and Co-operation Which Contribute to the De- 
velopment and Success of Our Business Are Important 
Factors to Have Always Conspicuously Before Us—We are 
involved in an industry wherein one branch is more or less 
interdependent upon the other. The channel of flow is from 
the manufacturer to the wholesale distributor, and from them 
to industry, and to the contractor-dealer and so to the public 
and the lines of the power companies. Each branch of the 
industry and each company affiliated with the industry has 


an opportunity for promoting the idea of the use of every- 
thing electrical, thereby eventually making this, as we all 
desire, a truly electrical age. I submit that there is a 
reciprocal relation involved in the rendering of such service, 
for the problem is such that there is an opportunity for each 
of us to make a contribution of value to the other’s business. 
“Together we stand, divided we fall,” together we promote 
each other’s welfare, together we each succeed. 

3. Quality, of Course, Always Occupies an Important 
Position—When we think of quality we should consider not 
only durability and life, but per annum cost. When we 
think of per annum cost we should have in mind all elements 
involved, such as cost of replacement of the article itself 
and in addition the labor involved in making replacements 
and service interruptions. 

4. Service, In Its Truest Sense and All That It Implies 
Should Always Be Considered. 


5. Price. I Have Left This to the Last, for in My Esti- 
mation It Is the Last Factor Which Should Be Considered— 
To be sure, price is an important element, but by no means 
is it the sole factor, nor do I think it is first in importance. 
But unfortunately it is too frequently so considered. We 
could all buy many materials cheaper than those which we 
purchase, and why don’t we? Because there are involved 
fundamental principles other than price. Quality, service 
and other factors remain long after price is forgotten. As 
we review this subject, isn’t it apparent that there are many 
angles to reciprocity in purchasing, and interallied with it 


to the broad over-all problems of our business as a whole? We . 


should have the viewpoint of the executive and place our 
business on such a basis as will result in the success, not only 
of our individual company, but of our industry as a whole. 
While so doing we have before us the economic structure of 
all of those with whom we do business, to the end, as pre- 
viously stated, that we will be making a contribution to the 
success and happiness of all people. When all is said and 
done, what else is there to life? We are born today and, like 
a blade of grass, are gone tomorrow, so should not all our 
endeavors, both business and personal, be to the end that we 


and our fellow associates get the most out of and enjoy life 
to the fullest? 


Transportation Section’ 


Section Activities* 


The importance of motor vehicle equipment to all 
branches of the electric light and power industry is 
emphasized in the reports of all Transportatzon Section 
committees this year. Statements of capital investment 
and operating costs are given, with illustrations showing 
modern automotive vehicles, painted in harmonious col- 
ors and equipped with labor saving devices and every 
modern convenience to meet the specialized need of the 
user. One of the important contributions is the presen- 
tation of a standardized motor vehicle cost ledger and 
monthly cost report of data required by superintendents 
to operate a fleet of motor vehicles efficiently. 





* Executive Committee: C. D. Weiss, San Diego Consolidated Gas 
& Electric Company, chairman. E. C. Wood, Pacific Gas and 
Electric Company, vice-chairman; W. E. Frazer, San Diego Con- 
solidated Gas. & Electric Company, secretary. V. W. Dennis, P. H. 
Ducker, C. H. Gray, S. B, Shaw, J. M. Wainscoat. 


* Report of chairman, C, D. Weiss. 
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HE scope of the activities of the Transportation Section 

of the Pacific Coast Electrical Association has expanded 
to such an extent that it became necessary this year to 
increase the number of standing committees and to define 
more clearly the functions of each committee, as outlined 
on the accompanying diagram. A diagram of the personnel 
of the committees of this Section is also given. 


New ACTIVITIES 


In outlining the scope of activities to be conducted during 
the year 1929-30 it was decided to make extensive studies 
of the problems of greatest importance to the users of motor 
vehicles, as well as to other branches of the electrical indus- 
try affected by motor vehicle operation. For example, con- 
sideration was given to such subects as “Well Trained, 
Courteous and Capable Truck Drivers,’ “Pleasing Appear- 
ance and Design of Motor Vehicles Properly Equipped With 
Labor Saving Devices,” and “Economical Operation Cost.” 
An attempt has been made to co-ordinate the Transportation 
Section activities with all other Sections of the Pacific Coast 
Electrical Association. 
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In the following resumé of Transportation Section activi- 
ties there are described briefly the subjects covered in Trans- 
portation Section reports that are of general interest to 
other Sections of the Association. 


Public Policy Section— 


1. The safe-guarding of our member companies’ interests 
by keeping conversant with the interpretations of the Motor 
Vehicle Act, its adoption of new laws and the revision of 
old laws. 1928. 


Public Relations Section— 


1. Training and selection of drivers—(This included all 
matters pertaining to drivers’ and operators’ contact with 
the public, their personal appearance, and strict observance 
of motor vehicle laws and local traffic ordinances, etc.) 
1926, 1930. 

2. Prevention of accidents—1926,1930. 


Engineering Section— 

1. Automotive labor saving- devices — 1924, 
1929, 1930. 

2. Selection of autornotive equipment and body design in- 
cluding material and teol boxes and facilities—1926, 1927, 
1928, 1929, 1930. 


1926, 1927, 


Commercial Section— 
1. Electric trucks, selection and application—(This subject 
also included methods of merchandise delivery, design of 


holders or brackets to display merchandise advertising 
matter.) 1926. 


Accounting Section— 


1. Automobile records 

1927, 1928, 1929, 1930. 
2. Cost of operation—1924, 1927, 1928, 1929, 1930. 
3. Hourly versus mileage charge basis—1924. 


and accounting practices—1926, 





Purchasing and Stores Section— 


1. Pole and material deliveries, equipment used and meth- 
ods of control—1926, 1927. 


Advertising—Publicity Section— 

1. Subject matter discussed and published that is of great- 
est interest to this Section is contained in the papers, “Selec- 
tion of Automotive Equipment,” in which there was included 
all matters pertaining to the securing of approval from com- 
pany executives for the purchase of good-looking, modern 
and up-to-date motor vehicles, properly lettered and painted, 
and the control of general appearance and arrangement of 
the materials carried. This has been noted as being equal 
or better in value to the best newspaper publicity. 1926, 
1927, 1928, 1929. 


Insurance Section— 


1. Insurance practices of member companies vary, as a 
number of companies carry their own motor vehicle insur- 
ance. However, there are many phases of insurance which 
are of interest to all member companies. Recent legislation 
concerning motor vehicle insurance makes close study neces- 
sary by the utility companies. Company and employee liabil- 
ity, fire, theft, collision, public and personal liability insur- 
ance are features of importance to Transportation Section 
activities. 1927. 


Membership Section— 


1. Association memberships were discussed, and a former 
Section chairman enrolled more than 150 new members in 
the Association, designating their affiliation with the Trans- 
yortation Section. This proves that all Sections can greatly 
increase the Association membership enrollment by well di- 
rected effort. 1927. 


Transportation Section— 
1. Garage design.—1926, 1930. 





PACIFIC COAST ELECTRICAL ASSOCIATION 


os 


TRANSPORTATION SECTION 


SCOPE OF ACTIVITIES 









DIVISIONS 
ORGANIZATION TECHNICAL MAINTENANCE ACCOUNTING 
Committees Committees 
PERSONNEL & REGULATIONS LEGISLATIVE RECORDS 
Occupations Vehicle Acis Forms SHotislical Reports 
Titles ~ Rules City Ordinances Goroge Shops Comparison 
Membership elt Insurance Gorage Office Chorges 
EDUCATIONAL Operoters Hours Ys Mileage 
| 
Training of Shop Men 
Drivers — 
Contact with the Public Gusereeens Cotaureene 
VEHIGLES — DEVICES —" oe TOOLS REPAIRS — ACCESSORIES wee: Kale 
| | | 
Selection & Design Winches Goroges & Facilities Hole diggers Shop Mechines Fuel Spotlights Leffering 
Chessis Capstons Steckrooms Tractors Shop Tools & Lubriconts Locks Painting 
Bodies Pole Gins Tool Rooms Cranes Appliances Tires Car Tools Too! & Moferial 
Cabs Towers Service Stations Portable Air Shop Practices Tubes Wind wings Arrangement 
Moterial Boxes Hoists Compressors ShopRoutine Boltferies Bumpers 
Trailers Inspection Systems Shock Absorbers 
Preventive Identification Plotes 
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Motor Vehicle Capital Investment and Operating Expense of Member 
Companies of the Pacific Coast Electrical Association 


Capital Investment 


Total number of vehicles owned (including trailers) -................ 6,792 


I iii a gs i a a i a h githsiannink ee $ 9,718,739.71 


Garage buildings and yards (four companies not reporting) -...... Or oh Tas _ 2,800,934.92 
Shop equipment and tools (two companies not reporting) ...............................--------- pte 359,529.33 
rn: SII P9012 eee tie eat ee 2g Oe aed a wel s, OE. co esevevareeeeeee-ee12,879,203.96 
Operation Expense (12 months ending Nov. 30, 1929) 

Total number of vehicles owned (including trailers) -.................. 6,792 

Total operation expense —........... ectaieiaiaas SS ces i a a at spd na 
I nt nla hace 54,673,833.00 

Puvertade euet per male, all welbolee: .... <5. cnn sapaicihdania 0.099 
Rented vehicle expense (five companies reporting) * 0.00000 . 482,594.74 


*Reports on this item incomplete 


Reports received from several of the large member companies were incomplete. 


However, the 
figures obtained give some idea of the magnitude of transportation costs. 


It is estimated that the total capitalization of vehicles owned by member companies of the Pacific 


Coast Electrical Association exceeds ten million dollars, and that the value of buildings, grounds, shop 
facilities, and tools is about five million dollars. 


The total operating expense of a twelve-month period, including leased and rented equipment, 
amounts to more than five and one-half million dollars yearly. 


PACIFIC COAST ELECTRICAL ASSOCIATION 
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C.0.Weiss. Chairman. wey Organization S.B.Shaw. 
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P.H.Ducker. S.B. Shaw. Accounting JMWainscoat 
VW.Dennis. J. M.Wainscoof. COD Weiss — ch ; Committee Cnarnmen 

_ — P.H.Ducker CRSlenley. WMFairbanks. CD Weiss. 
RUDedge)’ 1B Prewelf. WE Frazer H.DNisdele. 
wi Fler. EW.M“Guire. EM . 
DIVISIONS Schaeffer. FEW.M“Guire. EM Rendot-. 
ORGANIZATION TECHNICAL MAINTENANCE ACCOUNTING 
| | \ 
S.B.Shew. Chairman EC. Wood. Chairman. V.W.Dennis Chairmon 31M Wehessost Chairmen 
| ' 
Commitrees Conmmirreecs 
PERSONNEL & REGULATIONS LEGISLATIVE nechase Costs 
CRSlanley. Chairman PH.Ducker. Chairman WE. Frazer Chairman HOTisdale Chairman | 
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' EW Keller 
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Choirman Cheirmen Cheoirman Chairman Chairmen Chairman Cheirmen Choirmen 
J.S.Moullon. AEStrong ECWoed L.A.Savage RV Sandford SEHickman. F M.Sherriil FCFoy 
RV.Sandford WH.Bouer £.M.Rondot GDBrown RV. Dodge J” 
ESThomas EV.Wrighl 
WI Schaeffer. 
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2. Gasoline efficiency, storage, quality, etc.—1926, 1927, 
1928, 1929, 1930. 

3. Lubrication, equipment and practices.—1926, 1927, 1928, 
1929, 1930. 

4. Maintenance and operation.—1924, 1928, 1929, 1930. 

5. Organization.—1928, 1929, 1930. 

6. Shop equipment and methods; tools.—1926, 1927, 1928, 
1929, 1930. 

7. Special problems.—1927, 1928, 1929, 1930. 

8. Standard titles for transportation department.—1929. 

9. Tires, care of.—1926, 1929. 

10. Training of shop men.—1926. 


It may be seen from the wide scope of activities conducted 
by the Transportation Section that joint studies of the activi- 
ties of common interest to the other Sections of the Asso- 
ciation will be of great benefit to the construction and operat- 
ing departments of member companies. Such departments 
are heavy users of motor vehicles and labor saving devices. 

The statistical report of capital invested and yearly oper- 





ating expense which is published on subsequent pages still 
further indicates the importarce of motor vehicle activities 
to all branches of the electrical industry. 

In summing up the work of past activities the members 
of the Transportation Section desire to recommend to the 
officers and directors of the Pacific Coast Electrical Asso- 
ciation, that executives of member companies appoint repre- 
sentatives from construction and operating departments to 
become members of the transportation section. 


NATIONAL TRANSPORTATION SECTION 

The formation of a National Transportation Section 
would greatly enhance the Transportation Section activities 
of the-geographic divisions and eliminate the existing over- 
lapping of work between geographic division transportation 
activities and the transportation activities conducted by 
numerous national section subcommittees of the N.E.L.A. 
Therefore, the members of the Transportation Section of 
the Pacific Coast Electrical Association recommend the for- 
mation of a National Transportation Section of the National 
Electric Light Association. 


ORGANIZATION DIVISION REPORTS’ 


PERSONNEL AND REGULATIONS* 
OME progress was made by this committee in the pre- 
liminary preparation of a set of rules for drives and 
transportation department employees. 
A set of standard drivers’ examination requirements con- 
sisting of driver’s ability, physical condition, personal appear- 
ance and general knowledge of motor vehicle acts and city 


ordinances is in the course of preparation for presentation 
the coming year. 





2S. B. Shaw, Pacific Gas and Electric Company, chairman. 
Central Arizona Light & Power Company: R. T. Richards. 
Coast Counties Gas & Electric Company: F. S. Thomas. 
Great Western Power Company: D. P. Mason, J. S. Moulton. 
Los Angeles Gas and Electric Corporation: D. L. Scott. 
Pacific Gas and Electric Company: C. R. Stanley. 

Southern California Edison Company: P. H. Ducker. 
Vallejo Electric Light & Power Company: Albert Casper, 


* Report of personnel and regulations committee, Organization Divi- 
sion, Transportation Section. C. R. Stanley, Chairman. F. S. 
‘Thomas. 


EDUCATIONAL‘ 


This committee conducted informal discussions at the 
meetings and prepared preliminary plans for the continua- 
tion of the work during the coming year. 


LEGISLATIVE’ 


This committee made a thorough study of the revised 
California Vehicle Act of 1929 and prepared a circular of 
the important additions and changes for the benefit of the 
Section members. 

This committee contacted with executives of the State 
Motor Vehicle Division on several matters. 





Report of education committee, Organization Division, Transpor- 
tation Section. C, R. Stanley, chairman. Albert Casper, J. S. Moul- 
ton, D, L. Scott. 


5 Report of legislative committee, Organization Division, Transpor- 
tation Section. P. H. Ducker, chairman. D, P. Mason, R. T. 
Richards. 


TECHNICAL DIVISION REPORTS’ 


Motor Vehicles* 


The fact stands undisputed that motor transportation 
today is one of the important factors in the operation of 
a public service company’s business for by means of 
modern transportation practically all other departments 
are enabled to function in an efficient and satisfactory 
manner. To the motor vehicle committee: has been as- 
signed the task of analyzing the problems of selection 
of motor vehicles and their assignment to the various 
departments and jobs in the respective member com- 
panies. 


2B. C. Wood, Pacific Gas and Electric Company, chairman. 

Coast Counties Gas & Electric Company: A. E. Strong, 
Thomas, 

Los Angeles Gas and Electric Corporation: W. J. Schaeffer. 

San Diego Consolidated Gas & Electric Company: R. V. Dodge, Jr., 
L. A. Savage. 

Southern California Edison Company:W. H. Bauer, P. H. Drucker, 
F. M. Rondot, 

Southern California Telephone Company: W. H. Fairbanks. 

Tucson Gas, Electric Light & Power Company: R. V. Sanford. 


a. 6. 


* Report of vehicles committee, Technical Division, Transportation 
Section. FP. H. Ducker, chairman. J. S. Moulton, R. V. Sanford, 
W. J. Schaeffer, F. S, Thomas. 
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HE types of vehicles suitable for use by a public utility 

have changed so rapidly that great economies can be 
effected through careful study of the assignments of the 
right vehicles to certain jobs. 


CLASSIFICATIONS OF VEHICLES 


Transportation facilities can be separated readily into two 
broad classifications: 


(a) Passenger carrying vehicles. 
(b) Commercial and cargo carrying vehicles, 
equipped with labor saving devices, line trucks, etc, 


including those 


SELECTION OF PASSENGER CARS. 


In the following discussion we will first consider pas- 
senger cars. 


Preliminary Considerations— 


Before a request is placed with the transportation depart- 
ment for the use of an automobile, certain investigations 
should be made by the head of the department requiring 
such service. It should be decided whether the car is needed 
all or only a portion of the employee’s time. In certain cases, 
it may appear advisable to recommend that the employee’s 
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personal car be rented rather than to assign a company 
owned vehicle. 

In this connection there has arisen some difference in 
opinion concerning the advisability of the use of personally 
owned automobiles in company service. However, this is an 
open question and the general policy of the company should 
be followed in this matter. As a matter of convenience, how- 
ever, in this paper, we will assume that the use of personally 
owned automobiles under agreements is acceptable. In these 
agreements, provisions should be contained regarding insur- 
ance coverages for the protection of the company’s interest 
and standards for maintenance and appearance should be set. 

After the department interested has come to the proper 
conclusions and all necessary approvals of executives are 
obtained, a request should be made to the transportation de- 
partment to furnish suitable transportation facilities. This 
then places the matter of selection and assignment up to the 
transportation department. 


From the formal request for transportation, the head of 
the transportation department must determine if a company 
automobile is to be used; if the employee is to have an 
automobile assigned to him or if he is to use one which is in 
the pool; that is, one which is used by any number of em- 
ployees when occasion requires. 


If the transaction requires the assignment of a vehicle, the 
next decision must be the selection of a proper machine. One 
of the first questions is whether or not there is in the com- 
pany’s possession a suitable automobile available for transfer 
to this work or whether it will be necessary to purchase an 
additional vehicle. 


If a new vehicle is to be purchased, there are several items 
of importance to be decided. 


Open vs. Closed Models— 


First—Will it be an open or closed car? The question of 
closed or open cars is one that until recently has been that 
of investment, but new developments in production indicate 
that the cost of closed cars is practically the same as that of 
open cars, and the output of closed cars represents between 
80 and 90 per cent of the total, whereas formerly the open 
cars represented 80 or 90 per cent of the total production. 
Popular demand for closed cars will soon result in increasing 
the cost of open cars beyond that of closed models. The 
opinions of representatives of the several member companies 
were unanimous that closed cars should be used in most all 
classes of work. In addition, the trade-in allowances for open 
cars are generally lower than those for closed cars, which 
tends to increase the ultimate cost of the open models. 


Light or Heavy Types— 


Second—The next question is whether it will be a light or 
heavy car. By light cars is meant those costing under $1,000 
as compared to those costing over $1,000. Some department 
heads of member companies have maintained that the neces- 
sity of employees using the higher priced cars was due to 
the fact that the employee must create a dignified impression 
when calling upon outside people. However, the question 
seems to be answered by all member companies that these 
lighter cars are, as a rule, adequate for all employees except 
where the management feels it necessary, as a matter of pres- 
tige, to use a heavier car. 


Several points were brought out in the answers to inquiries 
which justify the use of a smaller car, such as the fact that 
customers have congratulated employees upon the economy 
practiced in the purchase of the less expensive cars and, with 
the new design of motor cars, the riding qualities have been 
found to be practically the equal of those of the medium 
priced vehicles. In determining whether open or closed 
models, or light or heavy types be purchased, consideration 
should be given to the average daily mileage, road conditions, 
and prevailing weather. 


May 15, 1930 — Electrical West 


Seating Capacity— 


Third—Will it be a two- or five-passenger car? This, of 
course, is a matter which can only be decided through an in- 
quiry and investigation as to the actual needs of the em- 
ployee who is to use the car. 


Insignia— 

Fourth—The next question is: “Should the company’s name 
or emblem be placed upon the vehicle?” The answers to in- 
quiries indicate that there is no definite practice and there 
are differences in opinion in regard to the value of the com- 
pany’s name being placed on passenger vehicles. This is sub- 
ect to local conditions and should be governed by rulings set 
down by the managements. It may be detrimental to the 


company’s interest to display the name on cars on certain 
assignments. 


TRUCKS 


The selection and assignment of trucks to various depart- 
ments is a matter which should call for the most careful con- 
sideration by the head of the transportation department and 
his assistants. For without question economy or extrava- 
gance can enter into this phase of the operations. 

When a department head requires the use of an additional 
motor truck he should ascertain definitely the complete service 
which will be required of this truck. 


Conditions Governing Selection— 


What is the maximum weight, including crew, to be car- 
ried? What territory will be served? What are the road 
conditions which will be encountered? Will any labor saving 


devices be placed on the vehicle? What average road speed is . 


desirable? Specifications containing answers to these ques- 
tions should be sent to the transportation department for 
guidance in determining the make and model of vehicle which 
will fulfill the demands of the department operating the truck 
and give the most economical and satisfactory service. It 
must be remembered that in making selections of equipment, 
local and state regulations must be complied with, and there 
are restrictions on gross weight of trucks and the speeds at 
which they may be operated. In operation, overloading and 
speeding should be avoided, even if within the law, because 
truck chasses are designed for definite loads and speeds. If 
these are exceeded, delays will occur from premature me- 
chanical failures and economical operation will not be 
obtained. 


Considerations of Replacements— 


Closely related to the problems of original assignment is 
the universal one of replacements, as motor vehicles both de- 
preciate and become obsolete at astonishing rates. When 1s 
the economical time to replace equipment, or to purchase a 
new car for one assignment, transfer the vehicle now in the 
service to a second assignment, and to retire the one on the 
second assignment? These are deep questions which must be 
worked out by the transportation chiefs, aided to a large de- 
gree by the heads and members of the departments operating 
the vehicles. 


Old Basis for Replacements— 


In the past, several arbitrary methods have been used for 
determining the time for retirements. One method was to 
operate the vehicle until it was worn out and required re- 
pairs, the cost of which would be prohibitive. It is evident 
that under this plan, satisfactory service cannot be main- 
tained and probably in most cases false economy has been 
practiced. 

A second method was to assign an arbitrary age limit 
either in years or months, or in mileage. This is obviousiy 
unsound. 

A third was based entirely on the economies involved and 
is still in general use. The vehicles should be replaced when 
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the operating cost, including consideration of the loss of time 
due to failures and possible interruptions of the service of 
some department, will continue to be more than the cost of 
operation of a new vehicle, including the increased depre- 
ciation. 


Modern Considerations Also Govern— 


But the problem of replacements, at least in regard to as- 
signment, is much more significant. On some assignments, 
appearance of the vehicle may be the criterion; on another, it 
may be comfort; on a third ease of handling; on another, 
vibration and rattles; on another lack of power; and so on. 
On the other hand, an old type of vehicle may become ex- 
tremely unpopular with the employees, and the elimination of 
this attitude is an intangible reason for keeping the motor 
vehicles right up-to-date. 

Other important considerations in determining the time for 
replacement are the advantages to be gained from modern 
automotive engineering. The improved designs of vehicles 
contain less weight, are capable of developing more speed 
with a greater degree of safety, are more flexible in traffic 
and are equipped with accessories which should lengthen the 
life of the parts, or reduce the cost of repair. 


How Others May Help— 

In the foregoing, an attempt has been made to point out 
some of the intricacies in the selection and assignment of 
motor vehicles and to show how necessary it is for the trans- 
portation men to work shoulder to shoulder with members of 
other operating departments, in order that the most eco- 
nomical transportation service may be rendered with a mini- 
mum of interruptions and complaints. In this connection, a 
certain amount of indulgence must be asked for because it is 
out of all reason to provide every operator with a new 
vehicle every year or two. But an efficient transportation 
department will seek the recommendations and specifications 
of the department using the unit and strive to fulfill its re- 
quirements. It must also be remembered that in some in- 
stances the point of view of the using department may be 
too confined to obtain the true perspective of motor fleet 
operation and the judgment of the transportation superin- 
tendent should be accepted when the best interests of the 
utility are concerned. 

Let’s all work together to the end that the maximum return 


on the investment in motor vehicular equipment may be 
enjoyed! 


Power Devices* 


Almost everyone is interested in one way or another 
in labor saving devices. Despite the recent economic 
depression which resulted in a considerable surplus of 
labor, the forward march of progress in the development 
of mechanical means to eliminate manual labor will con- 
tinue and the conditions may as well be faced squarely. 
Changes and adjustments of routine must be made in ali 
lines of endeavor to meet the modern trends. The in- 
creasing adoption of labor saving devices actually results 
in a breaking down of the lines of demarcation between 
various departments of modern business institutions, 
among which public utilities hold prominent positions. 
The dependence of each part on the others to produce 
the successful operation of the whole becomes more strik- 
ingly evident as results of brainwork replace brawn. 


* Report of committee on power devices, Technical Division, Trans- 
portation Section. F. W. McGuire, chairman. W. H. Bauer, A. E. 
Strong. 
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ONCURRENTLY with the development of the motor 

vehicle, the use of its mobile power plant has been rapidly 
extended to drive tools and auxiliary apparatus which lessen 
the work required in performing the tasks at the locations 
to which the vehicle is moved. The committee of the Trans- 
vortation Section which was appointed to study the various 
aspects of the labor saving developments considered the as- 
signment of such value that a general survey of the devices 
in established use was undertaken and a valuable collection 
of photographs and drawings illustrating the apparatus was 
assembled. In dealing with the ramifications of power appli- 
cations, it was necessary to differentiate between tools driven 
by independent sources of power and auxiliary appliances 
driven by the engine of the motor vehicle. It is the latter 
which increase the usefulness of the transportation units and 
offer to the operating departments the possibilities of gaining 
marked economies. 


ADVANTAGES OF POWER DEVICES 


Not only do the auxiliaries actually reduce the man power 
required to perform the work but they usually reduce the 
time element, thereby bettering the continuity of service and, 
in many instances, eliminate or reduce the inherent hazards 
of accident. In some cases, other risks are introduced but 
these are mostly mechanical and may be eliminated with suit- 
able guards. 


SUMMARY OF POWER DEVICES 


Among the devices in more or less universal use are the 
following: 


Single drum winches, with wire rope or cable for loading and 
unloading poles, pulling in underground cables, stretching line wire 
and general pulling operations. By means of a detachable reel, the 
winch shaft may also be utilized for coiling old line wires as they 
are retired from service. 

Capstans or niggerheads, attached to winch shaft, for pulling or 
lifting by means of rope snubbed around them. 

Cranes or derricks, for setting poles, transformers, ete. It is 
possible, by installing double drum winches, to operate boom type 
cranes, trimming the boom with a line from one drum while 
hoisting with the cable from the second. In selecting any auxiliary 
apparatus, the dead weight should be taken into consideration and 
kept at the minimum. Derricks which are surprisingly light for 
their lifting capacity may be fabricated from seamless tubing of 
special steels. 

Pumps, for cleaning manholes or trenches of water. 

Blowers, for purging manholes of foul air. 

Air compressors, for operation of air tools, and washing insu- 
lators. 

Electric generators for arc welding, for operating portable elec- 
tric tools, for general or flood lighting at isolated locations. 

Ladders or towers, for street light maintenance and tree trim- 
ming. 

Fire fighting apparatus, for protection of pole lines. 

In addition many applications meeting special needs have been 
developed. 


JUSTIFICATION OF RENTAL RATES 


The addition of the labor saving devices does, admittedly, 
introduce numerous items of associated expense. There is 
an increase in the capital invested; the engine is in operation 
for longer periods of time with resulting increases in con- 
sumption of fuel and lubricants; the engine, clutch, trans- 
mission and other parts are thereby subjected to greater wear 
and tear; the apparatus and appurtenances, power take-off 
and driving mechanism require competant maintenance. It 
is therefore obvious that charges for the use of a motor 
vehicle fitted with auxiliaries should properly be somewhat 
higher than that made for a vehicle of corresponding capacity 
without such facilities. However, any charge based solely 
on speedometer mileage will not be equitable and such charges 
should be either on an hourly basis or on a combination 
schedule. 


A WorD OF CAUTION 


Care must be exercised, however, to insure that the adop- 
tion of additional labor saving devices on a vehicle will not 
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interfere with its principal application, i.e., transportation, 
or hinder the operation of more important auxiliaries, 
winches, for instance. In certain cases, it may be desirable 
to use a fast truck or bus for moving the crew and deliver- 
ing light material, and fit up the heavier and slow moving 
truck for maximum utility on the job, or assign powered tools 
for that purpose. 


CONCLUSION 

In conclusion, may it be said that the field for the conserv- 
ing of labor by means of power devices has by no means been 
exhausted, and the possibilities of realizing profit through 
more general and more particular use of such adaptations 
are almost unlimited. With this in mind, the committee has 
secured the approval of the executive committee of the Trans- 
portation Section of the plan to make its work permanent 
through the preparation of a Handbook of Power Devices. 
The photographs and the drawings which have been collected 
will form the nucleus for such work. This book will contain 
information on all known and practical devices, and being of 
loose leaf style, will be kept up to date by succeeding com- 
mittees. 

While a handbook of this nature will contain data of pri- 
mary interest to the members of the transportation depart- 
ments, at the same time it will present many suggestions 
for adaptation to the problems of other operating construc- 
tion departments, which the officials will readily recognize. 
To obtain the maximum economies from power device instal- 
lations will require much thought by those in charge of the 
operations with the view of making suggestions to the trans- 
portation department for applications or adaptations of new 
mechanisms, and free exchange of constructive ideas for 
improving existing installations. In order that these sug- 
gestions may be of benefit to the industry as a whole, some 
central bureau should be established for the purpose of dis- 
seminating information and eliminating the duplications of 
effort now occurring, and it is believed that the committee on 
power devices of the Transportation Section, augmented by 
representatives from other sections will be the most logical 
to function in this capacity. 


A Compendium of Garage Buildings* 


The superintendent of transportation or the person 
with whatever corresponding title may be designated is 
confronted with an intricate task when called upon to 
lay out a new garage building, as there are numerous 
major or minor details which, if not given the proper 
attention in advance may greatly influence the cost of 
operation or of improvements. The designs of garages 
and related structures which will be satisfactory for the 
housing and the servicing of such a fleet of vehicles as 
the power companies operate are much more complicated 
than the ordinary commercial garage in which only pas- 
senger cars or small trucks are stored, or even a bus 
garage, where the pieces of equipment are of a com- 
parable size. Provision must be made for all classes, 
from small passenger cars to the large trucks with over- 
hanging loads. With a view to providing a reference 
list of many of the constructional features and of assist- 
ing in making certain decisions, this abstract, based 
upon the experiences of certain Section members and 
the writings of various authors in recent publications, 
has been prepared. 


* Report of the committee on buildings, Technical Division, Trans- 


portation Section. R. V. Dodge, Jr., chairman. F. M. Rondot, E. 
C. Wood. 
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SITE 


oo first natural consideration in the building of a garage 

should be of the location. For optimum results, the site 
should be selected to fit the building. Usually the contrary is 
the condition. Much thought should be given to the location 
from various points of view, for example: proximity to the 
central activities, grade or slope of the land, size and shape 
of the building desired, accessibility and cost of the real 
estate. As a rule, a location which will front on at least two 
parallel streets or on one street and a service yard will be 
the most satisfactory and economical, with reference to 
operating conditions. 


SIZE OF BUILDING 


The number of vehicles which must be parked in the build- 
ing should be determined with as much accuracy as is pos- 
sible, as this will govern the size of the storage area. Also 
the parking arrangements must be studied in order to ufilize 
the space to the best advantage or, in other words, to obtain 
the lowest cost per vehicle parked. The automotive equip- 
ment should be accommodated comfortably. Unduly close 
crowding hampers the nightly inspections and increases the 
chance of damage. At least 12 in. should be allowed between 
small cars and from 18 to 25 in. between trucks. In parking 
arrangements with the vehicles at right angles to the aisles, 
the latter, as a rule, should be as wide as the length of the 
vehicle facing them. In the case of diagonal parking, they 
may be proportionately narrower. After the storage section 
is laid out, plans for the other rooms required for the repair 
and the service operations should be prepared and combined 


with that of the storage section. Ample allowances should 


always be made for expected growth. 


GENERAL BUILDING FEATURES 


The cost of the ground generally determines whether the 
building will be single or multi-storied. If economically prac- 
tical, a one-story structure is preferable, as multi-storied 
buildings require more columns and these are always objec- 
tionable. A roof with a single span in the storage section 
is the most desirable and is practical up to 80 and 100 ft., as 
the building regulations may determine. Remember that the 
first cost, in this connection, may not be the last. If columns 
must be used, they should be spaced so as to facilitate park- 
ing. Basement storage should be avoided as far as possible, 
on account of the increased ventilating difficulties. 


RAMPS VERSUS ELEVATORS 


In buildings of more than one floor, some means must be 
provided for moving the vehicles from one floor to another, 
unless the topography is such that cars may enter from 
different streets. A selection must then be made between 
ramps and elevators. For various reasons, the preference 
leans toward ramps. Elevators are constructionally more 
expensive, are slower in handling the cars and are subject to 
breakdowns. Further choice, if ramps are selected, must be 
made between the “full length” type and the so-called “moto- 
ramp,” which latter incorporates the staggered floor idea. 
Comparative figures by the developers of the latter system 
show approximate storage efficiencies as referred to an ideal 
utilization of space in a one-story building as follows: 


Single floor (two aisles, four parking areas)..... 100 per cent 


Motoramp (staggered floors) vetialtetinnes palcnhenital 86 per cent 
Single elevator with necessary approach and cross- 
over areas ..............--.--- ‘ - — tniewticnaene, Ge pet cant 


Ordinary cr continuous ramp with cross-over.................. 71 per cent 

These were based on ordinary passenger car storage. The 
usual grade for the ramp is about 15 per cent. Another ad- 
vantage claimed is that the short straight ramps afford com- 
plete visability with consequent increase in safety. For the 
motoramp type, one dimension of the building should be not 
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Fig. 1. View of the storage section of utility garage of reinforced 

concrete construction. Rolling steel doors in end and on right hand 

side (not shown) open onto streets, those on left hand side onto 

a service yard. The car washing section is seen in the center 

background. The section is lighted by 500 watt lamps in glassteel 

diffusers on approximately 20 ft. centers, giving a uniform inten- 
sity of ten foot candles. 


less than 50 ft. and the other not less than 100 ft. for small 
cars and proportionately larger for trucks, depending on 
their turning radii. A recent modification of the motoramp 
type of building is the continuous or all-ramp garage con- 
structed by the Consolidated Gas, Electric Light & Power 
Company of Baltimore. 


STYLE 


Before selecting the main building materials, the many 
codes governing construction should be consulted. There are 
insurance regulations, state restrictions and local building 
ordinances which must be adhered to. Buildings of “fire- 
proof” construction are warranted even though they may not 
be required. In some localitiees, however, wood frame and 
“mill” or slow burning types may be built. Some regard for 
the general appearance of the building must be given. Archi- 
tectural monstrosities will no longer be condoned by self- 
respecting communities and much good-will may be lost 
through the erection of a “barn-like” building. 


Doors 

Entrances and exits from the garage must be carefully 
planned. Every “live” car should face on an aisle or should 
be parked directly at a doorway. Each aisle should lead 
either directly or indirectly to a doorway. Since the maxi- 
mum permissible body width on California highways is 8 ft., 
doorways should be not less than 10 ft. and preferably not 
less than 12 ft. wide. The heights of the openings will de- 
pend on the company’s equipment. They should be at least 
1 ft. higher than the highest cap or body. It pays to have 
doorways of adequate size. Due’ to size, fire hazard and risk 
of damage, wooden doors are not generally satisfactory for 
garage purposes. The single leaf swing doors are also im- 
practical, due to size. Doors may be selected from the fol- 
lowing styles: sliding, multiple leaf folding, either vertical or 
horizontal, or steel rolling curtains. The first two types 
require suitable trolley hangers and tracks. The greatest 
objection to the curtain type is that it cannot be fitted with 
sash to add to the natural lighting. Also, unless power- 
operated, they may be slow in opening and closing. “Fire” 
doors may be required at all openings and apertures. If 
doors be of the swinging type, they should preferably open 
outward and the hardware should include an automatic 
catch to hold the doors in the open position. 
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FLOORS 


The next question to decide is the type of flooring. The 
building codes generally prescribe that floors must be of 
concrete or non-combustible materials. In addition, the ma- 
terial should be non absorptive of oils and should readily be 
cleanable. The trouble with concrete is that when it is made 
smooth enough for easy cleaning, it becomes dangerously 
slippery. Hard pavements have the objectionable feature of 
causing fatigue to service or repairmen. Perfection in floor 
coverings has not been achieved at this date. Floors should 
be pitched in orde: that water and other fluids will run into 
drains. These drains should be equipped with oil and sludge 
separators or traps, if they discharge into a sewer line. Pro- 
vision should be made for the convenient cleaning out of such 
separators. A good plan, if continuous drains be not pro- 
vided, is to place the drains in the aisles, spaced about 20 ft. 
on centers. Slopes to the drains should be at least % in. 
per ft. 


WINDOWS AND SKYLIGHTS 


A maximum amount of daylight is nearly always desirable 
and should be provided by means of windows, sash in doors, 
and skylights. 


FIRE WALLS AND SPRINKLERS 


The floor area between fire walls in large garages will 
probably be limited by insurance regulations. The permis- 
sible maximum size in garages equipped with a standard sys- 
tem of automatic sprinklers is practically double that of an 
unsprinklered building. Buildings over two stories in height 
generally must be protected with sprinklers. It may often 
be desirable to reduce the areas considerably below that 
allowed in the regulations in order to limit the amount of 
damage to a fleet with consequent interruption to service. 
In steel buildings, the cost of the sprinkler system may be 
somewhat offset by the saving possible through the permitted 
omission of the “fire-proofing” of the structural steel roof 
supports, otherwise required. 


VENTILATION 


More and more attention is being paid to secure adequate 
ventilation in all parts of garage buildings. Do not lose 
sight of the fact that there may be flammable vapors and 
poisonous gasses which are heavier than air. Natural venti- 
lation may be sufficient if it be practicable to keep windows 
or louvres open at all times. An adopted rule for storage 


sections is that a positive circulation of at least 1 cu.ft. of 
fresh air be provided for each square foot of floor area. This 
may be accomplished by means of either “forced” or exhaust 





Fig.2. The servicing pit in the storage section of the garage is 

protected with a pipe railing of novel construction. The walls of 

the pit are painted white and contain lamps in niches or recesses 
to furnish illumination. 
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blower systems or both. Exhaust openings, owing to the 
nature of the mixtures, should be placed not more than 2 ft. 
above the floor and should be spaced not more than 50 ft. 
apart. Inlet openings should be at such a height that the 
air will be discharged over the tops of the vehicles. Certain 
modifications of this practice may be required by local ordi- 
nances. In the main, it is essential that the amount of 
carbon monoxide gas be kept below two parts in 10,000. A 
concentration of two parts in 10,000 will probably produce 
headaches and 50 to 60 parts will be fatal. The ordinary 
four-cylinder motor discharges from 1 to 1% cu.ft. of carbon 
monoxide per minute from which calculations of the pollution 
may be made. Unventilated pockets where accumulations of 
exhaust gases may occur, should be avoided. The ventilation 
of certain spaces will be taken up later. 


ARTIFICIAL LIGHTING 


Ever since the advent of the “gas-filled” or Type “C” 
Mazda lamp, there has been a crying need for protection 
of the eyesight from the extreme brilliancy of the filament, 
but this necessity has not always been recognized. Bare 
lamps with clear glass bulbs should never be used, unless 
the lamps are entirely out of the range of vision. In para- 
phrase, illumination, not light should be supplied. Since time 
rapidly becoming immemorial, it has been the practice to 
skimp on electrical wiring and fixtures, but it is beginning 
to be realized that efficient night lighting must be provided 
and “efficient” means fight free from glare, with absence 
of sharp shadows, as well as with intensities up to modern 
standards. Practically this means that some sort of diffus- 
ing globes must be supplied. Good lighting pays. 


HEATING 


Even in the balmiest sections of California, heat is needed 
during some portions of the year in offices, shops and store- 
rooms. In the garage and repair shops, the open flame type 
of heaters should not be permitted on account of the fire 
and explosion hazards. Steam and hot water are admittedly 
the best heating media. But remember that radiators under 
work benches create unpleasant working conditions and are 
fast becoming abandoned in favor of space heaters or coils 
through which air is driven by a fan, creating a wide and 
even distribution of heat and at the same time reducing in- 
stallation cost for equivalent radiation. In no event should 
the temperature be permitted to fall much below 40 deg. F. 


PITs 


So much for the structural generalities for the present. 
Now for the question of pits, both service and repair. Until 





Fig.3. The railing is composed of posts which may be dropped 

into the sockets, each independently of the others. Only four posts 

need be dropped, as shown, if it be not necessary for the car to 
pass completely over the pit. 
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Fig. 4. This picture shows how the flexibility is obtained. The rails 
consist of two pipes, one sliding inside the other. Portions of the 
inner pipes can be seen next to posts at right hand side. 





Fig.5. Any car or truck may be driven over the pit when all 

posts are dropped. The pins which are inserted through holes 

in the posts and sockets when the railings are up, can be seen 
attached to the sockets by short chains. 


such time as some safe and reliable means of lifting the heav- 
iest trucks is perfected, we shall probably be called upon to 
consider pits. Pits, as a rule, are difficult to keep clean, re- 
quire special ventilation and introduce hazards of falls, there- 
fore are more or less a necessary evil. Pits should be of 
masonry or concrete construction and should be protected 
with railings. (See the May 15, 1929, edition of Electrical 
West for an article on a drop type of railing for service 
pits.) Special ventilation should be furnished for every pit 
by a mechanical system independent of the main one. Where 
a battery of pits is required, it is best to have them connect 
into a transverse pit at the wall end. This eliminates a 
great deal of climbing in and out of the pits and facilitates 
the ventilation. Permanent lights should be provided in the 
pit walls with special fixtures for diffusing the light and pro- 
tecting the lamps. Tool ledges and work benches are often 
desirable. Numerous electric convenience outlets should be 
included in the layout. Also provide means for easily clean- 
ing out the pit. An English writer recommends white tile 
walls in the pits, both as an aid to illumination and as being 
easily kept clean. Any reasonable expenditure which will 
»roduce cleaner pits is warranted. Tile may also be used to 
advantage as wainscoting in the garage and repair shops. 


WASHRACKS 

Every garage headquarters should be equipped for washing 
and cleaning the chassis and uppers for running service and 
in overhaul work. In smaller garages, the cars and trucks 
may be washed in their parking places, but, generally speak- 
ing, a separate enclosure, properly equipped for cleaning, 
gives better results. In the larger garages, washracks fittec 
for progressive cleaning operations may be demanded. In 
these instances, the gravity method of moving cars, with 
troughs for the wheels, may expedite the work. In making 
provisions for washracks, also consider the following: 


Hoists 
Trestles or runways 
Tanks for cleansing solutions 


Cleanser storage 
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Heating media—steam boilers 

High pressure water pumps 

Overhead washers 

Special illumination of high intensity with minimum amount of 
glare 

Vacuum cleaning apparatus, either 
piping and outlets or portable outfits 

Drainage 

Waterproofing 

Cabinets for storage of hose, boots, sponges, etc. 


stationary machines with 





Fig. 6. In addition to the overhead fixtures, the car washing room 
is made brilliant by means of projecting fixtures on the sides, 


increasing the intensity of illumination to 25 foot candles. The 

tank at the right contains cleaning solution which is heated by 

live steam. Continuous gutters with cast iron grating provide for 
drainage. 


Referring to heating media, no open flames should be per- 
mitted in the garage sections. That is, if boilers, furnaces, 
etc., are to be installed they should be located in separate 
rooms or structures. The walls and floor of the washrack 
should be of such construction that they may be easily and 
effectively cleaned and should be waterproofed. 


REPAIR SHOPS 


In addition to the points previously set forth which are 
applicable to the shops section in general, a number of other 
features will be mentioned. Suitable means should be pro- 
vided for performing all overhaul and repair operations which 
are not “farmed out.” No attempt will be made to list the 
machine tools, as recommendation along these lines should 
properly emanate from the maintenance division of this 
section. Pits, hoists or cranes or all of them may be re- 
quired and after selection, may require modification of de- 
tails in the architecture of the building. Substantial work 
benches should be provided in sufficient number to care for 
hand work. Regulations generally specify, and correctly so, 
that repair sections should be separated from the storage 
section by a non-combustible wall. If the engines are to be 
tested or “run in” in the shop, it is advisable to provide ducts 
which can be connected to the muffler to lead the exhaust 
gases out of doors directly. 


BATTERY RooM 


Separate rooms should be arranged for in which to charge 
storage batteries and make electrical tests. In addition to 
the structural details required for whatever charging appa- 
ratus may be decided upon, hoods with means for ventilating 
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may be needed over the charging bench, to remove the vapors. 
If acids are used, safe storage and means of handling should 
be incorporated. The plumbing and fixtures should be “acid- 
proof,” also the bench tops where batteries may be repaired. 


Suitable benches for making electrical repairs and tests will 
also be required. 


TIRE REPAIR SHOPS 


In the tire repair room, provide for the vulcanizing, mould- 
ing, tire stripping and tube testing apparatus. 


OTHER SHOPS 


In garages for the larger ffeets, it may be the practice to 
handle all repair work needed, not only on the motor but on 
the chassis, bodies, etc., in which case layouts for carpenter, 
blacksmith, machine, upholstery, tin or sheet metal and paint 
shops must be included in the plans. No attempt is made to 


set forth any details of these except some for the latter, 
which follow: 


Paint Shops— 

The now almost universal use of lacquer finishes for auto- 
mobiles has altered and made more complicated the layout for 
paint shops. The vapors produced in spraying lacquers are 
inflammable and explosive and heavy. These must be reck- 
oned with. Paint shops should be isolated from garage or 
other shop rooms, at least by fireproof walls. The usual 
methods of applying lacquers are by means of air guns with 
the lacquer either in holders attached to the guns or in a 
pressure tank from which it is led through a hose to the 
gun. In very large installations the lacquers and primers 
may be piped to outlets from a central supply tank. It is 
best to limit the quantity of lacquers, thinners and paints 
and oils stored in the shop. Special lighting units of the 
vapor proof variety are required in safe practice. Ample 
illumination is essential for successful spray coating and 
glare must be avoided. The floors should slope to drains. 

The shop should be equipped with a sprinkler system. 
Ventilation will play an increasingly important part in re- 
ducing explosion hazards and protecting the health of the 
workers and the regulations, which are becoming more 
stringent, should be carefully studied. If specific volumetric 
flows of air are not prescribed, the number of air changes 
should be at least 30 per hour, but each case should be 
studied individually. In certain rules, definite air velocities 
are set forth in lieu of air changes. As positive ventilation 
is always required, specially designed exhaust systems are 
called for. They may be of the direct or the indirect type. 
The former has a fan in the exhaust duct, whereas the latter 
utilizes the ejector principle, by discharging air from a blower 
into the main duct through a smaller duct, properly directed. 
All ducts should be of non-combustible material and should 
be equipped with baffles to separate the solids. Both the 
ducts and the baffles should be readily cleanable. For vapors 
heavier than air, the exhaust openings should be near the 
floor. All surfaces should be thoroughly wetted down for 
safety before cleaning and for this purpose water connections 
should be supplied in the shop. If paint be used for fine 
finishes, a dust-proof room or cabinet will be needed, on ac- 
count of the slow drying characteristics. 


Prepainting Equpment— 

Difficulties have been experienced m neutralizing chemical 
paint removers and some companies have abandoned their use 
in favor of paint burning or sandblasting. The design of 
shops for such purposes entails special considerations. 
Where paints or lacquers are used in large quantities, isolated 


compartments for “mixing” rooms should be included in the 
layout. 


Stock and Tool Rooms— 


Convenient to the shops should be located the stock and 
tool rooms. The size of the room will, of course, be gov- 
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erned by the needs of the shops which they serve. Sufficient 
counters, window shelves, bins and racks should be provided 
for. In general, steel bins are more desirable than wooden 
as they reduce the five hazards, gain a little storage space 
(10 per cent more) and are more easily altered and cleaned 
Numerous special sections and racks will be needed to store 
conveniently many stock parts. 


WASHROOMS 


In these days washrooms demand particular planning, both 
as to arrangement and fixtures. Floors should be water- 
proof and should slope toward drains. There are many types 
of stall partitions from which a selection must be made. 





Fig. 7. Adjoining the storage section is the repair shop. Note 
the removable boards over the pits, overhead tramrail with trolleys 
and chain hoists and illumination by glassteel diffusers. 


Likewise there are numerous types of wash basins or their 
equivalents on the market. In addition to washing facilities, 
toilets and urinals, all modern washrooms should be fitted 
with shower baths. Unless some central supply system can 
be tapped, hot water heaters will be needed. In some liquid 
soap dispensing systems, if adopted, special built-in features 
must be taken care of. Also some towel or soap containers, 
waste receptacles, etc., may demand special construction. At- 
tention should be paid to secure proper heating and ventila- 
tion. Drinking fountains should not be overlooked, not only 
in the washroom, but throughout the plant. 


Recreation and Locker Rooms— 


In order to reduce the expense of labor turn-over, com- 
fortable quarters in which the employees may eat their 
lunches and spend their rest periods are needed. These 
should be clean, cheerful and, during the cold weather, 
heated. Appropriate furniture should be supplied. Locker 
rooms, fitted with individual lockers for clothes changes, safe 
keeping of tools, etc., have become practically necessities. 
Steel lockers are preferred to wooden on account of the re- 
duction in fire hazard and for sanitary reasons. The lockers 
may be of the built-in variety. Other furnishings required 
are benches, or chairs, and mirrors. Positive ventilation in 
these rooms is desirable. 


GASOLINE AND OIL STATIONS 

Associated with garage operations must be storerooms for 
oils and gasoline filling facilities. The inflammable nature of 
these supplies dictates a separate and fireproof building for 
the maximum protection. Oil rooms should be provided with 
ventilators with intakes near the floor level. Much could be 
written on this subject but layouts and planning service can 
be obtained from the manufacturers of gasoline and oil stor- 
ing equipment. It is the usual practice to store gasoline in 
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underground tanks from which it is pumped by hand, air 
pressure or motor-driven pumps. In conjunction with the 
latter, sentries with dial indicators are rapidly becoming 
popular due to the positive and quick filling rate, remote con- 
trol possibilities, and the facility and accuracy of measure- 
ment. Oil may be similarly stored underground, but it is 
prevailing practice to keep it in surface tanks fitted with 
measuring pumps. Cranes or monorails may be needed in the 
oil room to expedite the handling of drums. Reclaiming out- 
fits for crankcase oils have appeared on the market and those 
distilling or refining the oil are practical. If the quantities 
and quality of the motor oils removed are sufficient, the in- 
stallation of the reclaiming apparatus may be warranted and 
the necessary space and details must be taken care of. Greas- 
ing systems, also, may require special structural features. 


OFFICES 


No particular features of the office rooms will be treated. 
Suffice it to say that sufficient space should be allotted and 
the required partitions indicated. 


PIPING 


Returning now to the generalities, keep in mind the neces- 
sity of providing for all the pipe lines which are needed at 
the present time or may be anticipated for future use. Among 
these are air and water lines with outlets throughout the 
working sections on not more than 40-ft. centers; drain or 
waste lines; steam and condensate returns; possibly gas, 
vacuum, grease, oil, paint and other special fluid pipe lines. 
Hot water lines rapidly corrode the ordinary steel pipe, 
therefore brass or special alloyed steel or cast iron pipe is 


recommended. Make all pipe lines accessible for repairs, as 


far as possible. 


CONDUITS AND WIRING 

Conduits for the wiring for lighting fixtures, plug recep- 
tacles and power circuits should all be of more than ample 
size as it is well to provide for future loading. Convenience 
receptacles should be placed at strategic points. Chases in 
the walls are usually required for switch panels and should 
be located where they will be most convenient. Conduits may 
also be required for telephones and call or signal circuits. 


FLOOR COVERINGS 

Supplementing the previous paragraph on “Floors,” a 
study of floor coverings will be necessary to secure the best 
results in each department. In the shop, the desirable prop- 
erties are: fire-proof, non-absorptive of oils, readily clean- 
able and non-fatiguing, as well as durable. In the battery 
room, floors which will resist acids or alkalies may be desir- 
able. Washroom floors should be water-proof and should not 
be slippery. Floor coverings in the offices should be resilient 
and sound absorptive. In the stockrooms, the coverings must 
resist the trucking and other hard usage. There are many 
coverings in the market from which to make the selections. 


SPECIAL BUILDING FEATURES 


Except in one story buildings, there will be need for stair- 
ways, also, possibly, truck, freight or passenger elevators. 
These will materially affect the plans for the biulding, to a 
degree depending upon the types selected. 


SPECIAL APPARATUS 


There follows a list of some of the special apparatus which 
may require special treatment in the building details: 


Air compressors, 

Water pumps. 

Hydraulic hoists. 

Cranes, monorail supports. 

Scales 

Brake testers. 

Wheel alignment indicators and adusting devices. 
Shop tool equipment. 
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Transfer tables, conveyors, turntables. 
Troughs, wheel guides. 
Headlight adjusting equipment. 


FirE PROTECTION 


Building ordinances generally specify the number and kind 
of fire extinguishers which shall be furnished. In the absence 
of such specifications, a reasonable rule is one 24-gal. foam 
type for each 2,500 sq.ft. of floor area and, in addition, one 
carbon tetrachloride extinguisher of not less than one quart 
size and one pail or metal tub of 8 gal. capacity for sand. 
The smaller types of extinguishers may not require any 
provisions in the building construction. Sprinkler systems 
have been previously mentioned and in multi-storied build- 
ings, standpipes for fire department use will probably be 
required. Private stand pipes with outlet valves with hose 
and nozzle connected may be specified or desired, and if local 
water pressures are insufficient, fire pumps and tanks may 
be demanded. In tall buildings, fire escapes will be required. 


SIGNS 


Significant signs should be displayed in prominent loca- 
tions to emphasize rules, issue warnings, direct traffic, etc. 
Plain signs may not need any special consideration, as far 
as the building design is concerned, but bulletin boards and 
directcries may. 

CONCLUDING REMARKS 


The foregoing paragraphs have, without doubt, demon- 
strated most conclusively that the planning of even a small 





garage building entails much thought if a thoroughly prac- 
tical structure be insisted upon. This paper is presented with 
the thought that possibly reminders of some features whica 
might otherwise have been overlooked may be herein con- 
tained. 

CONTINUITY 


It is believed that there are almost unlimited opportunities 
for the buildings committee of this Section to assist the 
industry, by studying the various building details peculiar 
to transportation department uses and by rendering reports 
of its findings and making suggestions for improvements. 
It may also serve by preparing designs of layouts of typical 


buildings, efficiently planned, which will serve as guides for 
future construction. 


Power Tools* 


This committee conducted informal discussions at the Sec- 
tion meetings and prepared preliminary plans for the con- 
tinuance of the work the coming year, covering the improved 
design and new makes of pole-hole diggers, the equipping 


of tractors with rigging attachments, cranes and winches 
for field work. 





* Report of power tools committee, Technical Division, Transpor- 
tation Section. W. H. Fairbanks, chairman, L, A. Savage. 


MAINTENANCE DIVISION REPORTS’ 


REPAIRS® 


This committee discussed repair-shop practices and methods 
of maintenance and general overhaul repairs, field repairs 
and service work to motor vehicles. This committee recom- 
mends the adoption of a system of making monthly inspec- 
tions of motor vehicles, and automotive power tools, and 
periodic inspections of trailers, special equipment and shop 
equipment. 

MATERIALS‘ 


Considerable work was accomplished by this committee 
in the way of special papers on tires, lubrication methods 
and materials, reclamation of motor oil, fuel, etc., which were 
discussed at great length at the Section meetings. The con- 
tent of the subject matter was such, however, that it was 
not believed practical to prepare these papers for publica- 
tion, although Section members were furnished copies of 
these papers for their own reference and guidance. 

The materials used in different types of line truck and 
other vehicle bodies supplies the basis for considerable work 
which will be taken up the coming year. 


ACCESSORIES*® 


This committee conducted informal discussions at Section 
meetings and prepared a list of desirable accessories for use 
on motor vehicles. 


sv. W. 





Dennis, Pacific Telephone and Telegraph Company, chair- 
rian, 
Los Angeles Gas and Electric Corporation: J, B. Prewett. 
San Diego Consolidated Gas & Electric Company: G. D. Brown, 
F. M. Sherrill, C. D. Weiss. 


San Joaquin Light & Power Corporation: F. C. Foy, S. E. Hickman. 
Southern California Edison Company: F. M. Rondot. 

Southern Sierras Power Company, C. H. Gray. 

Tucson Gas, Electric Light & Power Comany: R. V. Sanford. 


? Report of repairs committee, Maintenance Division, Transportation 
Section. J. B. Prewett, chairman. G. D. Brown, R. V. Sanford. 


«Neport of materials committee, Maintenance Division, Transpor- 
tation Section. F. M. Rondot, chairman. S. E. Hickman. 


5 Report of accessories committee, Maintenance Division, Transpor- 
tation Section. C. H, Gray, chairman. F, M, Sherrill. 
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Aesthetics in Motor Vehicles as a 
Business Asset* 


Standards of equipment and of maintenance reflect the 
general attitude of the management operating a fleet of 
motor vehicles on the public thoroughfares and high- 
ways. In this treatise will be pointed out some of the 
effects of slovenliness and the benefits accruing from a 


proper policy of good design, selection and high stand- 
ards of maintenance. 


_— would you think of a large merchandising insti- 

tution if, after you had made a purchase to be delivered, 
the package should be brought to your door in a ramshackle 
conveyance which had not been painted since nineteen umpty- 
ump? Undoubtedly the reputation of that store would be 
lowered in your estimation. Do you think that your cus- 
tomers, the consumers of electric energy, will overlook and 
pardon the errors of omission or commission in the care of 
your vehicles that you would condemn in others? Nine-to-one 
they will be even more critical. 


BENEFITS 


Therefore it behooves those in charge of transportation 
to make an inspection, so to speak, of the members of their 
vehicular households and take steps to improve the general 
appearances of equipment, wherever needed. It will be found 
that with reasonable expenditures to secure neatness, the 
good-will of the public will be augmented and favorable com- 
ment will result. Those who have devoted some thought and 
effort towards improving the looks of their vehicles have 
found that they have received sundry rewards other than 
this increment of good-will, these being increased efficiency 


* Report of appearances committee, as Division, Trans- 
portation Section. C. D. Weiss, chairman. F, C. Foy. 
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Fig. 1. In attempting to improve the looks of line trucks, it was 

found that much more convenient stowage of materials could be 

obtained. This photograph shows the arrangement of compart- 
ments in recent body construction. 





Fig.2. The end view illustrates how ropes and wire are carried. 
The boards on the sides can be dropped down to form seats for 
the crew. 


by having a place for everything, reduced deterioration, 
increased safety and comfort and the benefits to be derived 
from a developed sense of pride of the employees operating 
the equipment. 

A careless or selfish management will not give much 
thought to the looks of its vehicles. Such a concern will 
soon be judged by the public as either being in straitened 
circumstances or being operated penuriously with little or 
no civic pride. Forlorn appearances also indicate lack of 
systematic maintenance. This, in turn, means shorter life 
and eventually greater operating costs. From which, it may 
be deduced that it is false economy to neglect the “outward 


, 


appearance.” 
INDISCRIMINATE STOWAGE 


A large part of the “artistic offense” may be caused by 
the manner in which materials are piled or just “heaped” 
onto the vehicle. Dangling articles, in particular, create an 
unharmonious aspect. Not only do such poor housekeeping 
methods indicate a lack of proper supervision, but they gen- 


erally mean a distinct monetary loss in time spent in looking 
for something. 
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FELONIES 


A few specific violations of the aesthetic code are now 
mentioned: boxes or material on running boards, weather- 
beaten paint, tarnished or rusted plated parts, broken glass, 
torn tops or side-curtains, dented or crumpled metal work, 
broken boxes or lids, doors or sideboards in bad repair. And 
there are others. In the stowage, coils of ropes, coils of 
wire or hose, water or tool bags and the like must be watched 
particularly and suitable racks should be provided which 
will held the articles neatly and conveniently. While it is 
admitted that the trucks of the purveyors of electrical energy 
are not, per se, things of beauty, their appearance generally 
can be improved with a little care and forethought without 
sacrificing their utilitarian features. 


How To OBTAIN THE RESULTS 


Among the ways and means of accomplishing the desired 
betterments are: selection, design, cleaning, and maintenance. 

Selection—tThis refers to the original purchase of equip- 
ment. Modernity always should be sought in hood and cab 
lines, wheels, bumpers, etc. Even the tires exert an unmis- 
takable influence. Select good-looking equipment. 


Design.—Referring to trucks, it is the usual practice to 
have the bodies, box equipment, racks, cranes, and other 
super-chassis paraphernalia made to order. The design of 
the added equipment should be congruous with the chassis 
and cab. Body, box, and rack arrangement control the stow- 
age of materials and, as far as possible, a place should be 
provided for everything that must be carried. Of course, 





Fig.3. The practice of carrying coils of wire, water bags, snatch 

blocks, etc., on outside or under trucks is detrimental to good 

lcoks. To avoid this, was one of the reasons for the development 
of the new type of body. 





Fig. 4. Another view of an old style body, with no place provided 
in which to-carry wire. 
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“design” of passenger cars and standard light trucks will 
be included under “selection.” 

Washing.—All vehicles require frequent washing. Nothing 
is so detrimental to an otherwise trim-looking outfit as mud, 
grime and other stains of the road. Keep them washed. 
Polish frequently the parts requiring that treatment. 

Maintenance.—Under this heading the outstanding item 
is painting. Paints and lacquers are wonderful hiding media. 
The garage superintendent of a large New York depart- 
ment store writes: “Paint and appearance, however, usually 
are the factors that cause the vehicle to be withdrawn from 
service.” He has the right “slant.” 

How often shall our vehicles be repainted? Query the 
transportation superintendents. The answer is—as often as 
is necessary to keep them up to a meticulous standard of 
appearance. Service is a governing item. On easy assign- 
ments once in two years may be satisfactory. Where the 
operating conditions are highly unfavorable or severe, per- 
haps two or even three repaintings may be required in one 
year. Before sending a vehicle to the paint shop, all metal, 
glass and wood work should be repaired or, where neces- 
sary, replaced, upholstery, tops, and curtains renewed if 
needed and chassis repairs attended to. Some system of 
periodic inspection should be placed in effect in order to 
make certain that all equipment is kept in A-1 condition. 
Inspectors should be trained to watch carefully for cars 
requiring repainting, as the overhaul criterion. 


PAINTS VERSUS LACQUERS 

Pyroxylin or lacquer finishes have now been developed 
to such an extent that they have decided advantages over 
oil finishes on metal surfaces. Two of these are: durability 
and quick-drying properties, the latter reducing the time out 
of service. For the wood work, paints and enamels still have 
the preference. In the selection of lacquers as well as of 
paints, it is advisable to make tests to determine the suita- 
bility of the material for the operating conditions. 

Colorful hues still predominate in the field of automobile 
finishes, although there has been some tendency recently to 
revert to staid black finish for passenger cars. In adopting 
a color system for a fleet of vehicles, combinations which 
will be harmonious should be selected. Probably it will be 
well to avoid strikingly flashy colors, as not producing a 
favorable impression upon the conservative majority of con- 
sumers. 

INSIGNIA 

Much debate has centered upon the premise “shall a pub- 
lic service corporation display its name and trade mark or 
coat-of-arms?” Judgment should be in favor of the affirma- 
tive, because, with properly applied maintenance such vehicles 
demonstrate that the owner has a sense of pride for appear- 
ance in the community which it serves and such owners 
should be identified. As hand lettering and hand painting 





of insignia will be found to be rather expensive, a more 
economical method for fleets of considerable size will be +o 
use decalcomania transfers. These transfers, if the design 
of the insignia permits, can add a dash of color which may 
break the monotony of a solid color. Transfers should be 
carefully proportioned to the areas in which they are to be 
placed and it may be necessary to adopt several sizes as 
standards. If possible, the transfers should be applied on 
parts where protection from rubs and scratches will be 
afforded. 
ADVERTISING 


It is believed to be a good rule to limit the use of adver- 
tising matter on cars or trucks. If any be permitted, it 
should be either of a permanent nature, as lettering on the 
sides of a panel job, or in neat frames. Banners and pla- 
cards almost invariably detract from appearances. The com- 


pany’s name and insignia on a well-kept truck should be 
advertising enough. 


CO-OPERATION 


Co-operate! It’s an overworked word, so perhaps you have 
heard it before. But in maintaining appearance, there are 
unlimited opportunities for the members of other operating 
departments to assist the transportation department. The 
driver of a vehicle may not be under fhe direct jurisdiction 
of the latter, but how he keeps his material stock, how he 
drives, how he dresses and his poise will impress the laymen 
or, at least, many of them. The line foreman and his crew 
also can help greatly by keeping things “ship shape” and 
avoiding practices which will detract from the looks of the 
crew truck, particularly in keeping coils of wire, ropes, tie 
wires, etc., from hanging on the outside. 


AUDIBLE DEFECTS 


And here’s more food for thought. Faulty appearances 
of automotive equipment may be audible as well as visual. 
In a recent popular recording, a chap said “the movies 
used to hurt my eyes, now they hurt my ears.” In a like 
comparison the noise from poorly adjusted motors or gears, 
rattling bodies, hoods, etc., may be just as much a disturbing 
influence on the streets as are dilapidated looks. Explosions 
in the mufflers and squeaky brakes may and do jar on the 
nerves of many persons, with resulting ill-feeling toward 
the owner of the malefactor. With proper care, these annoy- 
ances may be minimized. 

In reiteration, look at your equipment! Your cars, trucks, 
automotive tool equipment and trailers in reality are travel- 
ing mirrors, reflecting the character of your concern and 
measuring the quality of service which you are prepared 
to render. They can be made mute, but poignantly effective 
advertisements of courteous and considerate treatment. Divi- 
dends, both tangible and intangible, which will accrue are 
yours for the effort. It’s up to YOU. 


ACCOUNTING DIVISION REPORTS’ 


Records* 


HIS committee obtained from member companies all the 
transportation forms and records used by them, keeping 
three sets of the collected forms on file for reference. 
After much study it was found that the forms varied 
so greatly for the same kind of work that it was impossible 


J. M. 
man. j 
San Diego Consolidated Gas & Electric Company: W. E 
Sierra Pacific Power Company: E. D, Brown. 

Southern California Edison Company: H. D,. Tisdale. 
Southern Sierras Power Company: J. S. Bordwell. 


Wainscoat, San Joaquin Light & Power Corporation, chair- 
. Frazer. 


* Report of records committee, 


Accounting Division, Transporta- 
tion Section. 


J. M. Wainscoat, chairman. 


504 


to make a presentation of a complete set-up until all mem- 
bers of the section had had an opportunity to review the 
illustrated set-up and make recommendations and sugges- 
tions. 

The committee found that work on forms and records 
could be carried on more intelligently by classifying the 
forms into three divisions: Accounting, Maintenance, and 
Operation. Under these heads the forms have been segre- 
gated and the study of each class of forms and records is 
being made. 

It is believed that there is sufficient value to the study 
of simple and efficient forms and records to warrant very 
serious consideration of the subject. Therefore it is recom- 
mended that the work of this committee be carried over 
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for next year to enable the committee to prepare a compre- 
hensive report, with an illustrated set of recommended neces- 
sary forms and records to control properly any size of fleet 
of motor vehicles. 

A partial report is made here covering a garage shop 
order system. 


GARAGE SHOP ORDER SYSTEM’ 
Garage Shop Order, Form D— 


This form, numbered serially and in quintuplicate, is 
issued from the office of the transportation superintendent 
to the general garage foreman for all repairs to automo- 
tive equipment. 

The order, when issued, carries the date, charge account 


number, date to be completed, and a full description of work 
to be executed. 


Original— 


The original copy is sent to the general garage foreman 
where it is filed in a visible order rack, where it remains 
until the completion of the work. To this garage shop order 
number the mechanics charge all labor and material ex- 
pended in making repairs as listed thereon, or any other 
repairs encountered and not foreseen at the time the order 
was issued. All additional repairs are noted either on the 
face or reverse of the original order. Upon completion of 
repairs the mechanic responsible for the work signs the 
order in the space “Work checked by,” and inserts the date 
the work is completed. The garage foreman then signs the 
order in the space “Approved,” and forwards the order to 
the transportation superintendent’s office. 


Duplicate— 


The duplicate copy of garage shop order is filed in loose- 
ieaf book in the transportation superintendent’s office and is 
used for reference and as an aid in checking the progress 
of the work. This duplicate copy remains in the superin- 
tendent’s office until the completed original copy is sent in 
by the garage foreman. It then is removed and, together 
with the original, is forwarded to the accounting department. 
(Accounting work may or may not be under the supervision 
of the transportation superintendent.) This serves as their 
notification that all work has been completed and they may 
complete the accounting of the order. 


Triplicate— 

The triplicate copy is forwarded to the accounting depart- 
ment as soon as the order is issued. From this copy the 
accounting department makes up a 714 x94-in. folder on 
which is typed the garage shop order number, date issued, 
charge account number and a brief description of the work 
authorized. On the reverse side of this triplicate the account- 
ing department, upon completion of the work, types the final 
summary of labor and material charges which have been 


accumulated in the folder, and it is forwarded then to the 
general office for final accounting. 


Quadruplicate— 


The quadruplicate copy is forwarded along with the trip- 
licate to the accounting department, upon the reverse side 
of which all labor charge against the order is posted daily, 
showing mechanics’ names and amount of time (in dollars 
and cents) expended on the order. 


Quintuplicate— 


Quintuplicate copy is forwarded to the garage stock keeper 
where it is filed and referred to as an aid in making charges 
for materials. 





* Prepared for the records committee. 
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Supplemental Garage Shop Order, Form E— 


This form, in duplicate, is issued by the garage foreman 
to authorize repairs to vehicles by a shop not under his 
supervision. 

This form carries the same garage shop order number as 
the original garage shop order on which the garage repair 
shop is executing repair work. The original copy of the 
supplemental order is forwarded to the foreman of the shop 
executing the work, and duplicate is filed in the transporta- 
tion superintendent’s office. The duplicate supplemental order 
is kept on file until the completed original supplemental 
garage shop order is feceived, then the duplicate supple- 
mental order is removed and the original supplemental order 
is forwarded to the accounting department to be filed in 
folder of garage shop order. All labor and material expended 
on these supplemental orders are accumulated in the garage 
shop order folder along with all other data pertaining to 
that particular garage shop order, and are included in the 
final summary of charges. 


Individual vs. Group Cost Accounting 
Systems* 


Upon entering into this discussion of costs of operat- 
ing and maintaining automotive equipment, this com- 
mittee realizes that most of us have in the past done 
no small amount of theorizing. Having had the benefit 
of practical theories, the committee will endeavor to 
concentrate on actual experience so that we may draw 
our conclusions from past automotive equipment per- 
formances and facts of record, combined with standard 
practices. 

With this thought in mind, a letter of inquiry was 
addressed to members of the Transportation Section, 
asking for opinions on the subject. Out of seventeen 
requests, ten replies were received, and this study is 
based upon these expressed opinions which without ezx- 
ception appear to be founded upon the experience of the 
various member companies. 


2 considering the advisability of maintaining cost records 
for each individual car or by groups of similar makes 
and types of equipment, we must study the practical usage 
through which the results will be made to function and 
whether or not the results in either case justify the expense 
of compiling such cost records must be carefully studied. 


Of the ten replies to this questionnaire, seven are favor- 
able to the compiling of costs for individual cars, one for 
costs by groups of equipment, and two provisional declara- 
tions. There are quoted herewith the statements favoring the 
individual unit cost plan, the various replies being identified 
by a letter suffix. 


A 
moral effect on workmen; better 
maintenance and efficiency of a particular vehicle. 


Detailed control; control of 
B 
Comparisons are possible and available which are not obtainable 
by grouping or any other than the unit method. 
D 
When accounting is centralized at the garage headquarters and 
is at all times up to date, I believe costs should be kept for each 
individual vehicle. This gives the motor-vehicle supervisory people 
direct supervision ove all money spent on any individual car. When 


* Report of costs committee, Accounting Division, Transportation 
Section. H. D. Tisdale, chairman. J. S. Bordwell, E. D. Brown. 
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tne organization is large and the accounting is handled by an 
auditor’s office, the group system of accounting is probably all right. 


BE 


We consider that operating costs should be by individual car and 
then by groups. We feel that the advantages derived by the indi- 
vidual record more than offset the cost of compiling it. We use 
this individual record for the replacement of the vehicle and for 
its operating performance, 


FP 


I am of the opinion that different cost records should be kept 
covering each individual car in use by the utilities rather than by 
groups of similar makes or types of equipment. It would seem 
that if costs were only kept covering groups of cars, that in the 
event of it becoming desirable to obtain definite information cover- 
ing any certain car it would be necessary to have data in detail 
to discover the information desired. In other words, if there is 
any need of keeping any record at all it certainly should be in 
sufficient detail to be of some value. 


I 


The individual method should be used as it assists in the elimin- 
nation of equipment which for some reason or other has become 
costly to operate, and also enables those in charge of equipment 
to eliminate careless, and consequently, expensive drivers. A cost 
record by groups we believe serves as a valuable guide for the 
purchase of new equipment, 


J 


Results obtained from the use of unit costs derived for each 
individual unit of automotive equipment, have been of such a 
beneficial nature that we feel it would be a step backward to 
discontinue this practice even for group costs. Of recent date, the 
question was raised as to the cost of operating this system and 
we made an exhaustive study of the problem, not only by repre- 
sentatives of the transportation department, but by an outside 
specialist in cost accounting, whose report eliminated all possible 
prejudice. Considering the large amount of money spent annually 
in operating and maintaining equipment, it was found to be most 
desirable to maintain a unit cost system and in our efforts to 
develop an efficient system, the operation of which might possibly 
cost less than that on the basis of unit-per-car, we found the 
group system to be the only possible substitute. But, in adopting 
it, we could not save in clerical force, and other cost savings were 
practically negligible. 

After considering the comparative benefits of the two plans, we 
elected to continue the unit-of-equipment cost-accounting system. 
We operate with supervisors of equipment in the field and, in all 
questions relating to equipment, the field reports of actual physical 
conditions are considered with the cost records. Cost records can- 
not be of the greatest benefit or wholly dependable without a 
periodic tie-in with actual physical conditions, just as we find that 
personal inspections of equipment do not tell the whole story or 
do not equal the benefits which can be derived from the use of 
unit cost records in conjunction with the physical inspections. 
These cost records are a medium of assistance to the equipment 
supervisors in determining the causes of trouble and high costs 
and thereby enabling us to take preventive measures against weak- 
ness in both manual and mechanical operations. Repair costs in 
individual cases have been high and through the individual car-cost 
records, the fact clearly stands out that certain parts are, or a 
unit of the equipment is, weak or not functioning properly. We 
have gone to the dealers with our cost records and proved to them 
the deficiencies in their equipment with a resultant exchange, modi- 
fication or recondiiioning of parts without cost to our company, 
thereby reducing our operating costs and furnishing a guide in pur- 
chasing new equipment so that our future requirements can be 
reasonably fulfilled. 

Our records have disclosed excessive tire costs and the fault 
has been traced directly to the driver. Excessive charges for gaso- 
line have been apparent and in furnishing our supervisors with 
the necessary data, their investigations have resulted in equipment 
adjustments. Also, education of the drivers and records of an 
unreasonable quantity of gasoline for certain cars have pointed 
out irregularities such as an individual, through collusion, using 
gasoline for his personal gain and sending through a charge to 
company equipment. 

With knowledge of a constant check on costs of operating and 
maintaining equipment, the psychological effect on both the operat- 
ing and maintenance men, is very marked and is a big factor in 
our effort to keep our costs down to a minimum, 

Over a period of three years we made a reduction of 11.8 per 
cent in our operating rates per mile. Our cost records were a 
great factor in bringing about this satisfying result, being an appre- 
ciable amount, as the mileage figured into the millions, 

Records’ of costs on individual cars have been of great assist- 
ance in deciding the question of replacement or turn-in equipment 
against an overhaul. The records show any peculiar weakness and 
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indicate whether or not greater mileage should logically have been 
made by the equipment. By combining these historical facts with 
a physical inspection, our decisions have been more favorable to 
economy and efficiency than by deciding such questions through 
either one of these two media. 


Now quoting from the letters favorable to the group plan 


of accounting or at least provisional, we have the following 
comments for review: 


Cc 

We favor deriving the costs of the operation of transportation 
equipment on a group basis rather than the individual cost on 
each car. Our opinion is that this enables us to keep a daily 
operating summary up-to-date and when the cost per hour for the 
cars in the various groups is given to the various departments, 
they then have this figure to use for the entire month, and it 
not necessary to refer to any one car to get an 
on any job. 


is 


accurate cost data 


G-H 

I believe that the question as to whether costs should be derived 
for each individual car, or by groups of similar make and type 
of equipment, is largely dependent upon the facilities which a 
transportation department has for being directly familiar with the 
physical condition and operating requirements of each piece of 
equipment under its jurisdiction. It is the practice of our organi- 
zation to have all pieces of transportation equipment inspected at 
frequent intervals by a traveling inspector (mechanic) who not 
only goes over the car itself, but familiarizes himself with its use 
and includes any comments as to overloading, etc., with his report 
on the condition of the car. 

Some other utilities, however, have direct supervision of trans- 
portation equipment scattered through a division, or district organi- 
zation, with the transportation department only indirectly in touch 
with the physical condition and operating requirements of each unit. 

It is my opinion that for the first condition, costs for individual 
ears are largely superfluous as they reflect, if properly kept, only 
those comments with which the transportation department, through 
the inspection system, is already familiar. In addition to this, they 
can show the cost of repairs only after such repairs have been 
completed, whereas efficient operation of equipment oftentimes 
required the turn-in of equipment rather than incurring the cost 
of a complete overhaul. 

It has been our experience that the operating cost of equipment 
may appear to be lower than the average when, in reality, the caf 
is in poor condition and in imminent need of overhauling If the 
operating cost is depended upon, the car might not be turned in 
whereas the physical inspection would clearly indicate turn-in as 
the more desirable course, 


Reverting to the comments by those favoring the single 


car plan, I will quote the following objections to the group 
plan: 
A 
Lose control of detailed costs; moral effect of workmen lessened: 
would effect proper tire records and gasoline economy; loss of 
comparative cost statistics of different makes of same type of cars. 
B 
Results are too general for use by transportation executives. In 
general, results are too indeterminate for practical comparisons. 
D 
The group system of accounting is the one in use by us. It does 
not give the operating mien as good supervision as does the indi- 
vidual car system, but it does present a true over-all picture. 
J 
Modern cost accounting is not accomplished without the his- 
torical facts tying in closely with actual physical conditions. These 
two factors combined will result in economy and efficient operation. 
Group accounting appears to be too general to accomplish these 
desired results or at least to the extent that costs per car produce. 


In summing up the points of particular interest, brought 
out in the foregoing comments, one of importance seems to 
stand out above the rest and that is: “What practical use 
shall we make of unit costs?” In satisfying ourselves on 
this point, we then will have our answer to the question at 
issue: “Should costs be derived for each individual car or 
by groups of similar makes and types of equipment?” 

Modern scientific principals of cost accounting are not 
simply bookkeeping problems. To be sure, such records should 
be the basis for the distribution of costs and used for what- 
ever accounting problems present themselves but their great 
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use today is in conjunction with operating, maintenance and 
construction problems. 


BENEFICIAL RESULTS 


It has been suggested that costs for individual cars are 
largely superfluous as they reflect only those comments with 
which the transportation department through the inspection 
system is already familiar and can show the cost of repairs 
only after such repairs have been completed. Another com- 
ment indicated that the cost system is used for accounting 
purposes only, such as establishing a basis for the distribu- 
tion of charges. If these results, as indicated, are the only 
cnes we desire to secure from a cost system, then a de- 
tailed cost system becomes a luxury and, from an economical 
standpoint, a simple bookkeeping record would suffice. If 
these are the only results by which we wish to benefit, we 
are missing a part of a system which can produce economy 
and efficiency in operation. 

A detailed cost system properly kept and applied, will 
serve to furnish operating facts concurrently with the prog- 
ress of our work. It not only establishes an historical record 
to be used as a basis for future activities, but properly 
applied to work in progress, will point out weak spots against 
which corrective measures can be used. From personal 
experience, I have observed that neither the cost record 
nor the actual physical inspection and inventory treated 
independently of each other produce the best results, but 
to synchronize these two elements which are necessary to 
efficient operation, greater results will be obtained. 


OPINIONS ON BASIS OF CosTS 


Of benefit to any company is the comparative feature 
cf a cost system, for the basis of all units of measurement 
is comparison. This leads to the question of the most prac- 
tical method of stating unit costs, also to the necessary 
degree of refinement of a total cost into its component parts. 
Bearing on this subject there are expressed opinions of vari- 
ous members, as follows: 


A 


We prefer hourly basis of cost for all equipment. We do, how- 
ever, establish monthly rates for permanent assignments of vehicle 
equipment for collectors, meter readers, district where the 
distribution charge account remains the same throughout the 
month. The monthly rate is established only for a matter of con- 
venience and less clerical work. 

The hourly basis provides a more equitable distribution of costs 
against operating and construction accounts. In most all com- 
panies, labor is used as a basis for pro-rating all overhead clear- 
ing accounts, therefore it is reasonable to establish time as a charge 
basis for the use of vehicle equipment. 

We prefer subdivisions of accounts as follows: gasoline, lubri- 
cants, tires and tire repairs, repair material, repair labor, painting 
labor and material, accidents labor and material, garage expense, 
total operating expense, rent and storage, insurance, licenses and 
taxes, general expense. 


cars 


It helps to decide the proper selection of equipment for the pur- 
pose or district in which the cars are to be used. It enables us to 
make comparisons of the same make and style of cars in the 
same group used for similar purposes, such as meter readers, col- 
lectors, estimators, etc. The extreme difference in unit costs indi- 
cates something wrong with that particular car or the fault of the 
careless or negligent driver. 

I like to feel sure that our costs are somewhat 
companies’ costs. If I find a great discrepancy of any class and 
make of cars I usually make a thorough investigation, 
the comparisons are advantageous, 


close to other 


therefore 


B 
In case of automotive equipment only, per-mile is best basis of 
cost. is mounted on a truck, a per-mile basis 
should be used for the truck and a per-hour basis for the com- 
pressor unit. 


Where a compressor 


All charges such as gasoline, oil, repairs, painting, accidents, 
tires, and depreciation should be made directly against the truck 
as they occur during the month. All other unsegregated charges 
should be lumped under “overhead” and pro-rated at the end of 
the month on an equitable basis to each car. Headings should be: 


gasoline quantity, gasoline cost, oil, chassis repairs, major and 
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minor body repairs, painting, accidents, tires, depreciation, over- 
head, total miles, total cost, and cost per mile. 

It renders possible a fair comparison of the performance of all 
units in the various work of the departments. Fitness of types or 
makes are readily ascertained. 

Grouping of unit costs of a certain make of truck and com- 
paring result with a similar grouping of another make, readily 
shows the most economic and furnishes an accurate control of 
ears not keeping up with the average cost mark set for their 
class and make. 

Faults of car or driver or unsuitability of work on which car 
is employed are quickly evident. 

A control of crew performance also is possible. Executives are 
enabled to check transportation expense, mileage, etc., as com- 
pared with work performed. 

Estimates for future work can readily be made up from past 
records and a close approximation can be reached from past 
records. 

Under the unit system. mileage is reduced to a minimum, as 
all mileage must be charged to a specific account and all such 
charges are auditable. 

Amounts necessary for budgeting future expenditures for trans- 
portation can be ascertained for any given length of time. 


D 


We use the cost-per-mile as the operating unit indicating our 
efficiency of operating and we use the cost-per-hour as the unit 
with which to charge the usage of the equipment to the particular 
job it was working on. This latter practice, I believe to be correct 
in that the good luck or bad luck of any particular unit is no 
concern of the operating department using the unit. What such 
operating department is concerned with is how much is the vehicle 
going to cost them on their job. This cost can best be given them 
by establishing a per-hour clearing rate. 

The subdivision of expense per motor vehicle as established by 
us, is as follows: chauffeurs’ salaries and expenses, gasoline, oil, 
tire and tube replacements, vehicle license fees, miscellaneous, 
repair salaries and wages, repair material, accident salaries and 
wages, material, insurance, rents, garage service, operation of 
motor vehicle repair shops, general expense. 

If the unit costs are not maintained, everybody is in a state 
of absolute darkness as to what the units are costing and it is 
impossible to know how to proceed to effect economies, 


E 


We feel that the logical unit for reporting charges for the vehicle 
to the work it is employed upon is the hourly rate. We use the 
mileage rate merely as a thermometer to watch any undue fluc- 
tuations. 

It is our opinion in the subdivision of the various costs that 
gasoline, oil, tires, repairs, garage expense, overhead, depreciation, 
are sufficient headings for break-down of operating costs. 

Results obtained by unit costs are so numerous and varied that 
they are hard to enumerate. Some of them are: condition of the 
motor, checking gas and oil mileage, by repair costs to determine 
whether the car should be replaced, garage expense to determine 
if too much expense is being incurred on the class of car used. 

Benefits derived from comparing costs with other companies are 
hard to state, except that in cases where our operating costs are 
greater for a certain type of car than those of other associated 
companies in the same class of work, we immediately start to 
analyze operating conditions, class of equipment used, location, 
etc., to see if some remedy cannot be applied to make the costs 
more equal and to determine whether our forces are comparable 
with other companies. 

F 


While in some types of equipment it undoubtedly is true that 
the cost per hour might be of particular advantage in determining 
costs, in my opinion the best way to determine costs of all types 
of equipment is on the cost-per-mile basis. If costs per mile are 
accurately kept on this type of equipment it should be relatively 
easy to determine the cost per hour if it is necessary to determine 
at any time, 

I would suggest that unit costs be computed covering gasoline, 
oil, tires, repairs, garage expense, and overhead depreciation. By 
obtaining unit costs I believe very favorable results occur to benefit 
our company in that we are able to determine not only that certain 
types or makes of cars are efficient to operate, but it is possible 
to determine accurately which unit might be efficient or inefficient, 
as the case might be, 

Benefits to be obtained from comparing costs to those of other 
companies as kept at present are of some value, but unless they 
are all kept in approximately the same manner, they of course 
will be of no great value to any one. 


I 
Trucks which spend more than 50 per cent of their working 
time in hauling should have their cost calculated on a mileage 
basis, all others on an hourly basis. 
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We make a monthly report of all our automobile equipment 
which shows the following items: miles operated, total gallons gaso- 
line, miles operated per gallon of gasoline, total cost per mile 
operated, and total cost for current month. This latter is sub- 
divided as follows: lubricants; repairs, including repair parts; 
tires and tubes including repairs; accessories, not including repair 
parts; garage rent and service; license fees and insurance pro- 
rated per month; other expenses, if any, detailed. 

Our monthly report is examined by department heads in charge 
of equipment and furnishes valuable data for the elimination of 
equipment which has become uneconomical to operate further. We 
also derive interesting operating data from the effects of using 
different types of gasoline, oils, tires. 

We have been very much interested in receiving yearly reports 
of costs from other member companies and believe this practice 
very desirable. Undoubtedly, however, a further degree of uniform- 
ity in the arrangement of unit costs would make this comparison 
of reports much more valuable. 


J 


We derive all costs and charges for automotive equipment service 
on a mileage basis with the exception of winches, tractors and 
earth-boring machines, which costs are charged on a time basis. 
Our experience shows the mileage rate to be most satisfactory 
and equitable and that it does fulfill all requirements from both 
an accounting and operating standpoint. It appears to us that for 
comparative purposes, the mileage unit is the only logical plan. 


EXCEPTIONS TO THE FOREGOING OPINIONS 


While the foregoing quotations favor to a great extent 
one general plan, the following exceptions have been offered: 


Cc 


We favor using the cost-per-hour basis, not the cost per mile. 
Our reasons are that a truck may be engaged on a job right in 
the business section of town for a period of ten days. During 
this time the actual travel of the truck will be but ten miles per 
day although the truck is on the job eight hours a day. Arriving 
at a cost considering fixed charges such as insurance, deprecia- 
tion, interest, etc., which accrue on the truck irrespective of whether 
it is traveling or not, would make the cost per mile on that truck 
out of proportion to a truck which would travel 30 miles a day. 
Pro-rata share of the garage expense charged to this truck would 
remain fixed, irrespective of whether the truck traveled ten or 
thirty miles a day. Also, in arriving at the cost of the job on 
which this particular truck is working, it is much easier to use a 
cost-per-hcur rather than attempt to compute the cost per mile 
of the truck while on the job. 

In arriving at unit costs, subdivisions should be as follows: gaso- 
line, oil, tires, repair parts, labor, garage expense, storeroom ex- 
pense, depreciation, insurance, and interest on the investment. 
Storeroom expense is the net issues of stores against the group of 
cars and would be based on the value of the gasoline, oil, tires and 
repair parts charged against the group for the month, 

Benefits of comparing with other companies are many. In this 
manner a check of our own operating is afforded and in cases where 
a company is fortunate in having a low cost of operation, ideas 
may be obtained to enable other companies to reduce their costs. 


G-H 

The logical unit for deriving and stating costs is, as I see it, 
largely a theoretical argument. Some combination of cost per 
hour and cost per mile undoubtedly comes nearer being accurate 
than either unit by itself. I, personally, believe it is largely a mat- 
ter of personal preference and accounting expediency. If account- 
ing and record-keeping requirements could be divorced from the 
problem, I would favor a mileage cost on all passenger and light 
service cars with a mileage cost on trucks used for long-distance 
hauling and an hourly cost for line trucks and other equipment 
in similar service. 

As to the segregation of operating costs, a segregation covering 
gasoline and oil, materials and supplies, payroll, garage and over- 
head, and depreciation should be sufficient. 

A careful consideration of the unit costs on individual pieces of 
equipment which are available for some of our cars, convinces me 
that, with the inspection system in operation, they are unnecessary 
and that any saving, due to their elimination, would be almost 
entirely a net gain. The unit costs by groups of similar make and 
type of equipment are useful in making the proper charges for the 
use of the equipment and in noting changes in the relative level 
of costs from month to month. Rapid changes which are taking 
place in the various models make a unit cost on a particular model 
largely useless in the selection of new equipment. 

In the first few years that the transportation section operated, 
the comparison of unit costs constituted an effective means of 
bringing together the transportation heads of the various com- 
panies. This value, I felt, was more indirect than direct. Many 
differences in accounting procedure were brought to light, but here 
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again the accounting standards of the various companies did not 
permit the change to an uniform accounting system. These differ- 
ences, together with the different operating conditions, make a 
detailed comparison out of the question. 

For these reasons, I believe that a comparison of costs by groups 
of similar make and type of equipment should be as useful as 
comparisons by individual units. In fact, I think it is fair to say 
that the comparisons which have been made in the past have been 
almost entirely as between groups and not by individual units. 


Unit SYSTEM FAVORED 


The differences of opinion cited herein certainly are very 
marked, with the weight of evidence submitted favorable to 
a unit-cost system. However, in the use of such a system, 
we must consider first the practical results we wish to obtain, 
otherwise we may find ourselves in possession of an expen- 
sive luxury. 


RESULTS TO BE OBTAINED 


We should not consider a unit cost system as an exclu- 
sive accounting expediency, but it must be used as a means 
toward economical and efficient operation and maintenance 
and it must be made to operate concurrently with the prog- 
ress of our work, otherwise the element of luxury enters in. 
Preliminary plans for unit costs must provide for sufficient 
detail to show at all times the utmost economy in operation 
and maintenance, the greatest degree of utilization of equip- 
ment, and operating data such as gasoline consumption, tire 
costs, mileage, etc., for a check against all drivers. This 
data must be gathered at intervals of sufficient frequency 
io keep the irspectors advised of current operating facts 
which should be used in conjunction with physical examina- 
tions of equipment, and also to serve as a guide for cor- 
rective measures. 

Actual expenditures which are reflected through the unit- 
cost records serve as a basis for all accounting purposes. 
The totals of the cost ledgers are transferable to the gen- 
eral ledgers and the cost details are convertible into any 
logical form for distribution purposes. It really is imma- 
terial whether the jobs served are charged on a mileage 
or a time basis, just so an equitable distribution of costs 
1s made. However, it would appear desirable to make charges 
on a basis similar to that used for the derivation of unit 
costs. This is a matter of economy with the best obtainable 
results. 

CONCLUSION 

In closing, I wish to touch upon the comparative features 
made possible by a unit-cost system. We may believe that 
we are operating efficiently and economically, but we cannot 
be positive of this until we measure our costs, and that is 
accomplished through comparisons. In citing the experi- 
ences of a representative number of member companies, costs 
are shown in sufficient detail and uniformity to produce cer- 
tain groups of unii costs which are comparable and will fur- 
nish units of measurement which, if properly studied and 
applied, will be of benefit to the automotive equipment de- 
partment of any utility company. It appears without ques- 
tion that comparisons should be made in groups of similar 
types and makes of equipment, as comparisons of individual 
cars would be too elaborate a study to be practical except in 
remote cases wherein certain operating conditions appeared 
questionable. 


Transportation Cost Accounting Plan* 

The Transportation Section desires to present in the 
following a uniform cost accounting plan for transporta- 
tion vehicles which may be readily adapted to the needs 
of any company desiring to keep close executive control 
over automatic vehicles and their operation. 


* Prepared for costs committee, Accounting Division, Transporta- 
tion Section. 
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HE plan herein discussed grew out of the repeated dis- 

cussion at section meetings of the relative merits of the 
individua!' cost accounting plan versus the group cost account- 
ing pian. It is the desire of the Transportation Section to 
present a uniform cost accounting plan for transportation 
vehicles which may be adopted easily by the transportation 
department of any company desiring to keep close executive 
control over automotive vehicles and their operation. 


In Fig. 1 is shown a diagrammatic presentation of motor 
vehicle cost captions used in this plan. It indicates how 
charges are handled, what operating charges are covered in 
the overhead accounts, and it suggests simple clearing ac- 
counts with instructions detailing how each clearing account 
is to be cleared. This set-up can be used for either a group 
of vehicles of the same kind, size and make, or for the indi- 
vidual vehicles. 

Exhibits of motor vehicle operating ledger and report 
forms are shown in Fig. 2. These are described briefly. 


Motor Vehicle Operating Ledger— 


This is for either the individual unit or group of vehicles, 
but this cost ledger form is made up for a single vehicle and 
a sufficient number of lines are provided to keep a record of 





costs for a six-year period. Most companies provide addi- 
tional columns for “cost-to-date” figures, but in order to 
conserve space and keep the size of the form to a minimum, 
it is suggested that the cost-to-date figure be carried forward 
in pencil in the same column along with charges for the 
month on the ledger sheet. 


Motor Vehicle Monthly Operation Report— 


The segregation of charge account is almost identical with 
the ledger sheet and is the monthly report of all the units 
by individual company number, or by class. 


Motor Vehicle Comparative Cost Analysis— 


This form can be used to make comparisons of operating 


costs with other Pacific Coast Electrical Association member 
companies. 


It should be noted that the forms illustrated are almost 
identical, the ruling being the same and only minor changes 
in captions are necessary to make the form answer the pur- 
pose of either a ledger, monthly report, or a comparative 
statement, which not only standardizes captions, but effects 
economy in printing expense. 


The foregoing set-up is almost identical with the records 
kept by several companies. 


PACIFIC COAST ELECTRICAL ASSOCIATION 


1929 Lo 1930 


Ce 


TRANSPORTATION SECTION 


MOTOR VEHICLE OPERATION COSTS 












Vehicle N° Cost per Mile Hour Data 
‘oli s 
et a Cooomes = Masher Mise? Sn ger 
ToTA Expense 
Tote! Operating Expense Tofal Fixed Expense 
Gasoline Lubriceofe = Tires & Tubes Repairs Repoire Painting Direct Goroge Rent & Storage Insurance License Replacement! reserve 
& Repairs (ordvmery) (Acesdeor) Expense fees & Taxes (Depreciation) 
Moterial Labor al Labor 
Moleriol Labor 





Housing Expense 
(ca-a) 

Leber : Washing, polishing, greasing, 
oiling & placing cars in Goroge 
Supplies : Greases, polishing oils, 
rags, waste, sponges, brooms, rubber 
aprons & boots, water consumed in 
washing cars, electricity. 


Treiler Expense 
@a-T) 


Nore:- ACleoring Account is suggested in 
which lo accumulote operating costs 
of treilers if on individue! cost system 
13 no! desired. These expenses may be 
cleared by crediting earnings for use of 
the troilers ot estoblished rental rates 


Lebor: Shop foreman’s & Shop Cierks’ 
Solery, jonifer service,lost time of shop 
employees due fo vacetions, sickness or 
leave of absence with pay 

Liability Insurance on labor. 





Shop Overheod Expense 


indirect General Expense 
(ca-) 


(ca-c) 
Labor Solories of Supt of Tronspertetion 
& Vehicle Dispotchers, office & Acctg. 
employees working on Transp: records, 
also wages of watchmen and janitors, 
also lost time of any of above due fo 


UpkeepOn: Electrical chorging equipment 
Gasoline pumps & fanks, motor oi! pumps 
& tanks, oir compressors, grease guns 
Grease buckets, Building insurance ele 
The expenses listed above are proreted by various 
methods :- 
Suggested practices :- 
|. Prorate equelly foeach auto vehicle. 
2. Prorote on bosis of earnings or hours used. 


Supplies : Shop office Stationery and 
office supplies, electric current veed 

in Shop, cost of small fools replacements 
olso upkeep & weor & tear on shop mach- 
inery & eavipment, cos! of misc. supplies 
& meterials such as; small hand fools, 
coller pins, friction fope, weshers, 
grophite, rivets, noils, send & emery 
Paper, valve grinding compound efe 

The expenses lisfed above ore prorofed 
by vorious methods - 

Suggested practices 

Prorate on labor, or labor plus materic! 
bosis fe each auto vehicle 
2. Prorote on hours shopped bosis 





Nore :- The aggregete of Accounts CA 200: CAneon of see 
composes CA-T Genere! Troiler Expense 
The eccoun! numbers shown are merely ilivetret ve 
ead © numberng system odeplabie be the Fleet 


thovid be devised 


vacations, sickness or leave of absence 
with poy. 

Other Expenses. Stationery & Office 
Supplies; heating expense, transpor fation 
used by the department nef chorgeable 
le Shop or a Vehicle, felephones and 
telegraph, lavatory & locker room expense, 
personel expense accounts, insurance 
The expenses listed obove ore prorated 
by vorious methods :- 

Suggested proctices:- 

|. Prorote equally fe each auto vehicle 
2. Prorate on basis of earnings or hours used. 


DESIGNATION OF CLEARING ACCOUNTS 


Genenn 
CA-A DvrectGorage Expense (Hovsng) 
CAB - . (Shop Oyereeed) 
CA-C Indirect . - (Genera!) 
CA’T Generc! Treiler Expense ° 
(mOrvIoUAL 


Aute Vehicles numbered ser. ‘y and grovped by cless 


“had - "cers 
A-emaa Light Tevexs 
CA- Sean . Treks 
CA-teen.aa 5 «Power Toole 
CA- wemna. « . Treilers 


Fig.1. Diagrammatic presentation of motor vehicle cost captions. 
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onstruction 





T THE left is shown a line construction 
truck, rear view, revealing the space pro- 
vided for material stowage. Another view of 
this same truck, with its pole-derrick raised, may 
be found at the bottom of this page (right). 
Below is a light truck and trailer combination 
designed especially to facilitate the repair of 
street pavements 









WO other views of line construction trucks 
™ are shown below. At the left the truck is 
covered with its canopy for weather protection 
and is hauling a trailer for surplus materials. 
At the right (below) is a truck with its pole- 
derrick raised and ready for use in setting or 

lifting poles 


“Vocational Application of Motor Vehicles” 
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quipment 


PECIALLY fitted line truck 

which can haul poles is shown 

at the right. Below is shown a 

close-up view of the street paving 

repair trailer with its complement 
of tools 





Transportation Section, P. C. E. A. 
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OR heavy-duty service the six- 

wheel equipment shown imme- 
diately below is a necessary piece 
of transportation equipment. Note 
the bins and other conveniently 
arranged storage space for con- 
struction incidentals. Below at 
left there is shown another view 
of the truck and trailer combina- 
tion pictured on the facing page 








Lawn vere 





onvenient 





IGHT equipment for light and special 

duty is convenient and economical. A 
surveyor’s car is shown at the top of the 
page. At the left there are two views of a 
light coupe for meter readers and “turn-on 
and turn-off’ men. Note the collapsible 
ladder which fits into the rear compart- 
ment. Immediately below may be seen 
a panel-body appliance delivery truck 








“Vocational Application of Motor Vehicles” 
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Service Cars 


SERVICE and meter installation truck 

with a body specially designed to accom- 
modate tools, materials, and collapsible ladder 
is shown at the top of this page. At the right 
is a trouble-shooter’s car, also conveniently 
equipped. Below (left) is a rear view of this 
same car. At the right (below) is shown a 
light pick-up car which serves well for mer- 
chandise deliveries by merchandise salesmen 


Transportation Section, P. C. E. A. 
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RACTOR and semi-trailer combination hauling 

25-ft. poles may be seen below (left) while at 

the right below is another view of the equipment 

shown above, showing trailer tongue connection 

which permits truck to turn 90 deg. with respect 

to pole load. Vacuum booster brakes on truck operate 
vacuum brakes on trailer through hose 








BOVE is shown a 2%-ton truck with a pole 

trailer, both with pneumatic tires, for field deliv- 

eries of poles. A driver and one helper can unload 

with the aid of skids and winch line (left). Imme- 

diately below is another view showing hose connec- 
tions for air brakes on trailer 





“Vocational Application of Motor Vehicles” 
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pecial 
Equipment | 


SIX-WHEEL general 
utility freighter may 
be seen above. Imme- 
diately below is shown a 


portable electric and ’ 
acetylene welding outfit with cable reels conveniently 
mounted. At the bottom of this column is shown 
the same equipment covered and ready for the road 


Above is a heavy-duty trailer for construction tools 





and materials. Below is a general tractor and semi- 
trailer combination for shuttle work 





Transportation Section, P.C.E.A. 


May 15, 1930 — Electrical West 51 


~“J 











oc eee ee owt rete 











rogress in the Northwest 


By M. L. HIBBARD 


President, Northwest Electric Light and Power Association 


NOTHER milestone in the affairs of the Northwest 
Electric Light and Power Association is approaching, 
and the time for the annual recapitulation has arrived. 
Once again is the president able to report satisfactory 
progress. During the year just past all companies en- 
joyed increases in kw.-hr. sales and gross earnings, and 
all have completed various betterments to their physical 
properties, for improvement of service on their systems. 
The second successive 
year of pronounced and 
general drought conditions 
was successfully weathered 
by all the member com- 
panies without the neces- 
sity of curtailing service 
or employing any extraor- 
dinary measures. Addi- 
tional steam units at some 
points in the territory as- 
sisted materially in keeping 
the situation from becom- 
ing critical, and have in- 
creased the ratio of steam 
to hydro generating ca- 
pacity in the territory, 
giving assurance that a 
continuance of drought con- 
ditions will be adequately 
met. 

A number of excellent 
records in merchandise 
sales were achieved in 1929, 
and the effect of such in- 
tensive effort is found re- 
flected in the increasing 
number of kw.-hr. sold per 
domestic customer by all 
the companies in the terri- 
tory. Furthermore, many 
of the companies are enter- 
ing more and more 
ardently into the business 
of serving the farms in 
their territories through 
the establishment of specially trained rural electrification 
departments. Statistics published by the rural electric 
service committee show many new farms added to the 
lines of the central stations in the Northwest and a more 
wide-spread use of the service by farms already served. 

The work of the association has gone forward with 
continued vigor as the committee reports published in the 
following pages will indicate. Reference to all these 
reports herein is scarcely necessary, but I would like 
to invite particular attention to some of the work of 
each section, without, by so doing, seeming to imply 
that all of the work has not been important. 

Following the plan instituted two years ago, the 
Accounting Section has continued its studies of taxa- 
tion and wage scales in addition to its more routine 
work of keeping pace with developments in the field 
of accounting. In that field the section has made some 
important studies of the application of machines to 
various accounting operations. The section’s annual 
meeting in March extended over two days instead of one. 
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M. L. Hibbard 


An unusually productive meeting of the Commercial 
Section was held in the middle of February when 
ten committees under the three bureaus presented for 
discussion the results of their deliberations on the 
different kinds of load-building operations. Of partic- 
ular interest was the program of the rural electric 
service committee which brought out many import- 
ant phases of its problems. All the committee reports 
published in the following 
pages contain information 
of interest to the men re- 
sponsible for the commer- 
cial development of our 
companies. 

One of the principal ac- 
complishments of the En- 
gineering Section has gen 
the commencement of re- 
search on radio interfer- 
ence caused by high- 
tension insulators. An ex- 
perimental line for actual 
service tests of various in- 
sulators has been con- 
structed at the Oregon 
State College, Corvallis, 
and laboratory tests are 
under way by the electrical 
engineering staff of that 
institution which is co- 
operating in the work. This 
is a national project which 
has been assigned to the 
Engineering Section of the 
Northwest Division for 
completion. 

The annual meeting of 
the Engineering Section in 
March was the best at- 
tended of any yet held. 
Many subjects of interest 
and importance to North- 
west companies were pre- 
sented and discussed, and, 
as has been customary in recent years, the proceedings 
of the meeting will be produced in a separate booklet. 

Public speaking again has been the central feature of 
the activities of the Public Relations Section. With the 
national contest as an incentive this year, the interest 
among member company organizations has been greatly 
stimulated. The winner of the Portland finals, May 17, 


will represent the Northwest at the national contest in 
San Francisco. 


Because the national convention is to be held this year 
in San Francisco, it was decided to hold no general con- 
vention of the Northwest association, but rather to per- 
mit the Northwest companies to concentrate their efforts 
on the national convention. Besides sending ample dele- 
gations to San Francisco, several of the Northwest com- 
panies are preparing to entertain Eastern delegates 
whose routes to or from San Francisco carry them 
through the Northwest states. It is hoped that our 
Eastern colleagues will find much to interest them on 
their visit to the Pacific Coast. 
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Accounting Section Reports’ 


Introductory Statement 


By M. J. WILKINSON, Chairman 


OST of the work of the committees of the Account- 
ing Section was brought to a climax at the Sec- 
tion conference held in Portland, March 17-18, 1936. 


This meeting was fully covered in summary form in 
the April 1 issue of ELECTRICAL WEST. 

In the fvilowing pages are reproduced most of the 
committee rcports and papers presented at that meeting. 





1 Executive Committee: M. J. Wilkinson , chairman; R. H. 
Jones, vice-chairman; O. W. Bennett, F. W. Brownell, W. L. 
Fitzpatrick, A. E. Janssen, A. J. Johnstone, G. F. MacKenzie, 
V. T. Montgomery, B. H. Parkinson, N, B. Whittier. 


CLASSIFICATION OF ACCOUNTS COMMITTEE 


Classification of Accounts* 


HE work assigned to this committce for the current 

year was that of taking such steps as were neces- 
sary to obtain adoption of the standard form of annual 
report recommended by the National Association of 
Railroad and Utilities Commissioners. 

After canvassing the situation, it was found that the 
State of Idaho already was using the desired form of 
report and it was unnecessary to do eny work in that 
state. 

In the state of Montana it was found that the com- 
mission of that state had not yet adopted the standard 
classification, and the committee representative in Mon- 
tana, therefore, confined his efforts to that of doing 
such work as he could toward obtaining the adoption 
of the standard classification. His report indicates that 
‘he members of the Montana commission are well dis- 
posed toward the standard classification, but heretofore 
have heen re‘uctant to prescribe it officially out of con- 
sideration for the many small utilities throughout the 
state on whom the change might work a hardship. He 
also advised that they are hopeful of accomplishing 
the adoption of the recommended classification dur- 
ing 1930. 

The Utah representative of the committee advised 
that he had made a comparison of the standard form 
ot report with the form which now is being used by 
the Utah utilities and found the two forms identical 
with the exception of the printing and one or two minor 
differences as to the general set-up of the various 


* Report of the classification of accounts committee. O. W. 
Bennett, Puget Sound Power & Light Company, chairman. 
Idaho Power Company: G. O. Stoehr. 

Montana Power Company: J. R. Thomas, 

Pacific Northwest Public Service Company: E. W. Moreland. 
Pacific Power & Light Company: W. T. Neill. 

Utah Power & Light Company: L. A, Seare. 


forms. On account of the similarity between the stand- 
ard form and the form now used in Utah, it is hoped 
that we will be able to get the commission to adopt 
the standard form without any lifficulty, and this 
thought has been suggested to the Utah representative 
of the committee. 

In the state of Oregon it has been impossible to make 
any headway due to the fact that the Oregon commis- 
sion’s very limited staff of engineers and accountants 
nas been extremely busy during the past year in con- 
nection with the Portland power rate and street rail- 
way fare cases. The standard form of report has been 
placed in the hands of the commission’s engineers and 
accountants and it is hoped that the Oregon represen- 
tative of the committee will have an opportunity to 
discuss the matter with the Oregon commission within 
a reasonably short time. 

In the state of Washington the committee represen- 
tative has submitted to the Department of Public 
Works the standard form of report, together with a 
statement showing the principal differences between 
the present form of report and the standard form. The 
department’; accountants have been very busy and have 
not as yet heen able to go into this matter, but they 
have assured the committee representative that this 
will be done as soon as one of their accountants can 
ke made available. 

It is, of course, realized that a job of this sort will 
of necessity take considerable time. The committee, 
during the current year, has taken such preliminary 
steps as seemed advisable in each of the states and 
will continue to follow the matter as closely as possible. 
It is quite unlikely that anything further can be done 
for the current association year and, no doubt it will 
he necessary for the committee for the next year to 
take up thir particular job where it is left by the 
present committee. 


CUSTOMERS’ RECORDS COMMITTEE 


Customers’ Records* 
HE report of the customers’ records committee con- 
sists of the following papers presented by com- 
mittee members at the Accounting Section meeting, 
March, 1950: 
Billing 36-Day Merchandise and Installment Charges 
on Service Bills, by F. L. Nagel. 
Accounting and Collection Plan for Closed Accounts, 
by H. B. Booth. 


May 15, 1930 — Electrical West 


Consumers’ Accounting Methods, by Gus Anderson. 


Hollerith Machine Consumers’ Accounting, by C. F. 
Kerchhaine. 


* Report of the customers’ records committee. N. B. Whittier, 
Pacific Northwest Public Service Company, chairman. F. L. 
Nagel, Northwestern Electric Company, vice-chairman. 
Pacific Northwest Public Service Company: H. B. Booth. 
Puget Sound Power & Light Company: C. F. Kirchhaine. 
Utah Power & Light Company: Gus Anderson. 
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Billing Thirty-Day Merchandise 
and Installment Charges 
on Service Bills* 


By F. L. NAGEL 


OST public utility companies operating in the 

Northwest are engaged in selling merchandise 
and in doing jobbing work as an adjunct to what might 
be termed strictly public utility business. In this re- 
spect, their problems are not unlike those of the general 
merchant. Books of account must be kept, bills ren- 
dered, and collections made. 


The utility company does enjoy, however, an advan- 
tage not available to its merchant competitor, which, 
in many companies, is overlooked. The utility company, 
due to the nature of its business and the universal 
demand for its service as a household necessity, is in 
periodic contact with its service customers. Meter read- 
ings usuaily are taken monthly and bills for service 
delivered equally as often. In most companies this 
monthly contact is taken advantage of, by the sales 
department, by the insertion in the envelope, or attach- 
ment to the monthly service bill, of stuffers advertising 
tne sale of certain appliances. This is a ready means 
of placing advertising in the customer’s hands at the 
minimum cost. The customer’s department in many 
companies, notwithstanding that they issue service bills, 
seem to igncre this advantage completely. 


NEED FOR ECONOMY 


Since most merchandise is sold on “time” or the 
installment payment plan under which payments may 
be spread out over from six to twenty-four, and in 
some instances more monthly installments, a statement 
for each of which must be presented to the debtor, 
and since competition is keen, and selling expenses and 
the cost of iabor high, one may readily appreciate the 
necessity for the strictest economy in billing and collec- 
tion proceaure. 


Presenting monthly statements to service customers 
entails certain cost, which is correspondingly increased 
by the number of times bills must be delivered. If state- 
ments are delivered for two or three months in advance, 
the cost of carrying such customers naturally would 
be considerably decreased, yet in many cases, the oppor- 
tunity for delivering to the customer all of his monthly 
statements at one time is overlooked. It is safe to 
estimate that at least 85 per cent of the customers 
purchasing merchandise from a utility also are receiv- 
ing from the same company electric or other utility 
service for which they receive monthly statements, and 
im many companies these same customers receive sep- 
arate statements each month for their merchandise 
installments. This is wasteful. 


The same customer could go to a department store 
and make purchases in any number of different depart- 
ments, and at the end of the month receive one state- 
ment covering all of his account. That this also can 
be done by the utility company is indisputable. Details 
in each instance must be worked out by department 
managers tc fit existing systems of accounting. The 
following outline is believed, however, to be readily 
adapted to any system, with some eliminations or addi- 
tions. 


* Report prepared for the customers’ records committee. 





SUGGESTED PROCEDURE 


When charges are entered in the merchandise ledger, 
the address on the order from which they are taken 
may be checked against the consumer’s ledger for the 
same addrers and, when it is found that the merchan- 
dise customc: is also a service customer, a symbol or 
note may be made on the ledger page thus calling the 
attention of anyone scrutinizing the page to such fact. 
Thereafter, when each monthly service bill is rendered 
from such ledger page, the symbol or note may be 
seen, and the bill checked against the merchandise led- 
ger, and the merchandise or any other charges readily 
entered on the same bill, which then can be totaled 
and sent to the customer. Thus the customer may pay 
his total monthly obligations to the company in one 
remittance by mail, at the company’s office, or at an 
authorized pay station. 


ADVANTAGES OTHER THAN ECONOMY 


The saving effected is obvious, nor is this the only 
benefit derived. At least one unfavorable customer 
contact has been eliminated. It is believed that all will 
agree that the receiving of bills seldom produces favor- 
able reaction. Human nature makes us rebel against 
the request for money. Consequently, the fewer bills 
tne customer receives, the fewer are the chances for 
irritation. The amount of the bill often is not as irri- 
tating to the customer, as is the number of bills he 
receives. 

Let us briefly consider the reaction of the average 
housewife. We will assume that she has received a 
statement for the installment due on the range pur- 
chased from the company. She has paid this on the 
tenth of the month. A few days later she may receive 
her monthly service bill, providing the company is one 
that has a continuous meter reading system, which is 
necessary in the larger cities. She does not think of 
them as two transactions. To her it is annoying. She 
has purchased merchandise from the electric company 
and she gets service from it, to her it is one account, 
but two separate statements are sent to her. Why can- 
not both bc included on one bill? Such expressions 
often are heard from customers of companies that do 
not bill merchandise with their service accounts. 

There also is a collection advantage in carrying mer- 
chandise charges on the service bill that should not 
be overlooked. To the average customer, it is the bill 
from a utility company, and is considered an account 
for a houscheld necessity, the failure to pay which, may 
cause inconvenience in the discontinuance of service. 
Seldom is the merchandise charge, when it appears on 
the service bill, considered separately, and when the 
nill is paid, the remittance usually covers the total 
amount. Then again, should the customer call at the 
company’s office and express a desire to pay only the 
service chaige, a revised bill may be necessary, thus 
affording cn excellent opportunity for the collection 
man to interview the customer, and prevent the account 
from going stale. 


An Accounting and Collection Plan 
for Closed Accounts* 
By H. B. Bootu 


“HE closed or final account occupies a very import- 
ant place in the collection department, for it is 
through this source that the company’s bad-debt loss2s 





* Report prepared for the customers’ records committee. 
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ultimately accrue. Time will not permit covering this 
subject in aetail, but a few of the important steps 
necessary for the efficient collection of the account 
will be pointed out. The subject might be classified as 
follows: The opening of the account, the closing of the 
account, and the collection follow-up. 


Print Last 
Name Firs 
ee ee Ss 


APPLICATION FOR RESIDENTIAL SERVICE 


utility residential service from the PORTLAND 
ton may f in the territory served 
nd paid for in accordance 

at the time of the rendition 
Company. Performance here- 
spon delivery of service to the 





lable for inspection a 
under by the Company shall be complete, and ail liability therefor shall cease, 
outlet of conduit of the Customer. 


Upon acceptance in writing by the Company, this application shall become a contract and shall continue 
in force until terminated by written notice of either party to the other 


Signed this__._ 





Portland Electrie Power Company 























Fig. 1. Face and reverse of “application for service” card. 
Space is provided for rather complete information which 


may simplify matters later on. 










PORTLAND ELECTRIC POWER COMPANY 


Sreecr PORTLAND OREGON 
TELEPHone ATWwATER 5161 


CTRIC SERVICE AT rrom To OEUINQUENT arTER 


OPENING THE ACCOUNT 


At the time the application is secured, sufficient in- 
formation should be obtained to enable the collection 
department to locate the consumer who vacates the 
premises without giving notice and leaves behind an 
unpaid balance. Assuming that most people are honest 
and really intend to pay their bills, little difficulty is 
experienced with the account if the company has the 
forwarding address of the debtor. It is quite essential, 
therefore tliat information such as the following be 
secured at the time the application is signed: 


1. Present occupation, specific vocation and where 
employed at time of application. 


2. Name of former utility. 

3. Charge account or business reference. 

4. Personul reference and relative outside of imme- 
diate family. 


This information is not always obtainable but should 
be secured when possible. 


CLOSING THE ACCOUNT 


Upon the closing of the account, extreme care should 
be exercised to secure the customer’s forwarding ad- 
dress and other data which are necessary for the col- 
lection of the account. It is advisable to centralize this 
responsibility in order properly to instruct those who 
make the contact in securing as much information as 
possible to enable the proper follow-up of the account. 
Experience also has shown that the promptness with 
which the account is followed for collection has a defi- 
nite bearing on the results. This should not exceed a 
period of fifteen days. 


The Pacific Northwest Public Service Company has 
had in operation for a year an accounting plan for 
final bills which has proved most efficient and is so 
arranged that it is possible to concentrate collection 
activities systematically and to ascertain at any time 
just how much the outstanding balances are on all 
ciosed accounts. Briefly, the procedure is as follows: 


8% CASH DISCOUNT 
ALLOWED IF PAID BEFORE 











POWER COMPANY 


= 
PORTLAND ELECTRIC pense. unset SECOND NOTIC! 
329 ALDER Sreast Tevernons ATwATER Se To 
sanvice AT 


FINAL BILL ror gLactric 


WE WISH TO EXPRESS OUR APPRECIATION 
FOR YOUR PAST ACCOUNT AND TRUST WE MAY 
AGAIN HAVE THE PLEASURE OF SERVING You. 


QRTLAND ELECTRIC Power Company | ‘ | 


PORTLAND ELECTRIC POWER COMPANY 
989 QLOER STREET PORTLAND. OREGON 


é PLEASE DETACH AND ENCLOSE 
| . | THIS STUB WITH YOUR REMITTANCE 


—_—_—_———— ee 





} 
: 
‘ R COMPANY 
: PORTLAND ELECTRIC POWER COME AT 


p20 ALOER STREST 


} 
| CLOSE 
' PLE DETACH AND EN 

| ' | THIS eee WITH YOUR REMITTANCE 


our RECORDS INDICATE THAT ony | 
ours sTHL UNPAIO. wht You ae a 
us WITH A REMITTANCE so THAT ee 
COUNT CAN eg cLosEeo AT THIS AD’ 


PORTLAND ELECTRIC PowEr COMPANY 


Fig.2. Final bill, made up in special triplicate form. The duplicate is held for ten days for collection follow-up if re- 
quired. Triplicate is arranged to provide for the ledger record. 
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COLLECTION FoLLOw-UP 


Ai the time of closing the account the final bill is 
made up in triplicate, the original going to the con- 
eumer, the duplicate being held for ten days for col- 
lection follow-up if not paid, and the third copy so 
arranged as to provide for the ledger a record which 
saows the an.ount of the final bill and also the previous 
balance, if any. The previous balance is taken care 
of through a transfer balance stub which is attached 
tc the ledgcr record, the stub being used as a posting 
medium to close the current account. These triplicate 
bills are filed alphabetically as a permanent record and 
all collecticn procedure thereafter is followed from 
these records. Cash is posted daily. Paid accounts are 
removed and filed permanently for future record at the 
end of each week when trial balance is taken. 


PORTLAND ELECTRIC POWER COMPANY 
329 ALDER STREET, PORTLAND, OREGON 





Bad debts are written off and deposits are applied 
at the end of each month to the closed bill file. A nota- 
tion then i; made on the customer’s credit card, indi- 
cating that the account has been charged to bad debts 
and the final bill record is filed alphabetically for refer- 


ence in case ihe customer applies for future service. 


COLLECTION LETTERS 


A collection letter is an ambassador on a difficuit 
and delicate mission and if poorly written is a wrecker 
of good will. On the contrary, a well written collection 
letter is a promoter of good will and therefore it should 
be studied aud analyzed so that it will not fail in its 
proper mission. In theory there are, and in ideal prac- 
tice there snould be, as many different kinds of collec- 
tion letters as there are accounts, each letter differing 
from the others because of the size and character of 


PORTLAND ELECTRIC POWER COMPANY 


PLEASE DETACH AND ENCLOSE 
THIS STUB WITH YOUR REMITTANCE 


FINAL BILL 


FOR SERVICE TO a 


WE ARE SURE YOU APPRECIATE THE TACT AND COURTESY REQUIRED OF A COMPANY 
WHOSE DUTY IT 18 TO COLLECT ACCOUNTS FROM FOLKS LIKE YOURSELF, WHOSE CREDIT 
1S WITHOUT QUESTION, BUT WHOSE DAILY LIVES ARE SO BUSY THAT THEY OVERLOOK 
THE SMALL ACCOUNTS. OUR BUSINESS IS MADE UP OF THESE SMALL ITEMS-—SO EACH 
ONE OF THEM IS IMPORTANT TO US. 


WON'T YOU CHECK THIS UP RIGHT NOW AND, IF IT ISN'T PAID, MAIL US YOUR 
REMITTANCE TODAY? 


THANK YOU 


YOU HAVE NOT RESPONDED TO OUR PREVIOUS CORRESPONDENCE REGARDING 
YOUR ACCOUNT WITH US. 


CREDIT IS THE MOST VITAL FACTOR IN THE BUSINESS WORLD AND IT IS MANI. 
FESTLY UNFAIR TO YOURSELF AND US, TO NEGLECT AN IMMEDIATE PAYMENT OF THIS 
ACCOUNT. 


WE ACTED IN GOOD FAITH IN EXTENDING THIS FAVOR AND TRUST YOU WILL SHOW 
YOUR APPRECIATION BY PAYING THE ACCOUNT AT ONCE. 


> Credit is Based on Confidence—Fncourage It <—aE 
ee, ay fll ae 
>|) RAI 


mounory | f ——— 
National Finance Corporation } 
_ — 


YOURS VERY TRULY, 


PORTLAND ELECTRIC 
POWER COMPANY 


TAACE MARK 


YOUR ACCOUNT WITH US IS STILL UNPAID. WE HAVE BEEN VERY LENIENT WITH 
YOU IN THIS MATTER, BUT NOW WE MUST INSIST ON A SETTLEMENT. 


YOU CANNOT AFFORD TO FURTHER NEGLECT PAYMENT OF THIS ACCOUNT WHICH 
WOULD CREATE THE IMPRESSION THAT YOU ARE TRYING TO EVADE THE PAYMENT OF A 
JUST DEBT WE APPEAL TO YOUR SENSE OF FAIRNESS TO RESPOND TO THIS FEQUEST 
AND ELIMINATE THE NECESSITY OF HAVING IT ADJUSTED THROUGH THE NATIONAL FIN- 
ANCE CORPORATION. 

KINDLY GIVE THE MATTER PROMPT ATTENTION 


»> OUR CREDITS AKE PROTECTED BY - 
ee ee 
HONestTy [/ "NS. z.)) FAIRNESS 
2 OX > Gm _— 
arsuirs 


”’ National Finance Corporat 


qj 
g 
TRACE MARA 


YOURS VERY TRULY, 


PORTLAND ELECTRIC 
POWER COMPANY 





PLEASE DETACH AND ENCLOSE THIS STUB WITH YOUR 
REMITTANCE TO THE 


PORTLAND ELECTRIC POWER CO, 
329 ALDEN S&T. PORTLAND, OREGON 


FOR SERVICE TO AMOUNT DUE 


PLEASE DETACH AND ENCLOSE THIS STUB WITH YOUR 
REMITTANCE TO THE 


PORTLAND ELECTRIC POWER CO, 
329 ALDEN ST. PORTLAND, OREGON 


FOR SERVICE TO AMOUNT DUE 


Fig. 3. Follow-up notice form, prepared in triplicate 
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the account, policy of the firm and local and general 
business conditions. It is obvious, however, that this 
practice cannot always be followed ia the collection of 
utility accov:.ts where the volume is extensive. It is 
best, therefore, in preparing letters to consider not 
thousands uf individual cases but rather certain types 
of collection letters which will serve to cover the gen- 
eral run of accounts. 


If, under the stress of detail with thousands of small 
accounts, one is forced to resort to form letters almost 
entirely, there is one bit of advice that should be fol- 
lowed. Don’t use sets of form letters that others have 
used. We shculd make up our own set to apply par- 
ticularly to our own type of business. If we are using 
tne same form letters as others the strength of the 
appeal is weskened in proportion to the number of the 
same kind of letters our customer receives. 


THE COLLECTOR 


It is assumed that when an account is handed to the 
collector for personal contact, the debtor has failed to 
respond to previous requests for payment, and per- 
sonal contact is advisable before referring the account 
to the lega] department. It is found that a great many 
people will respond to a collector’s request for pay- 
ment, but will not pay any attention to correspondence. 
It is true also that correspondence in many cases is 
effective wiere the personal contact has failed. The 
most difficult job for the collector is locating the con- 
sumer who has terminated his business relations with 
tne company and for reasons that may be due to habit- 
ual carelessness has failed to give a forwarding ad- 
dress. To niake contact with this class it is necessary 
.o make reference to the application and give the col- 
lector as much information as possible for his guid- 
ance in the location of the debtor. 


If the references and credit information have been 
carefully obtained with a clear conception as to their 
ultimate usefulness, the problem becomes quite simple 
as to location. The quality of the references for this 
purpose determines their future value. Having located 
the debtor, the question of payment should be stressed 
as a matter of course and the debtor should be im- 
pressed with the importance of settling the account, 
since failure to do so might affect his credit in future 
dealings with the company. The closed account. should 
be paid promptly if collection is to be made worth while, 
since repeated calls quickly absorb the profit. 


LEGAL STEPS 


If the collection letters and personal calls fail to have 
any effect sn an account, it should be placed in the 
hands of an attorney. It is best to have an attorney 
actually in the company employ. However, some utili- 
ties prefer a private attorney on a retainer. Which- 
ever plan is used, the debtor should be made to feel 
that the account is solely in the hands of the attorney 
and that the creditor has no further control of the 
account. 


The account having been well worked by the time it 
reaches the attorney, there is no necessity of his writing 
gentle reminders. He would merely he duplicating the 
first efforts of the collection department. His first let- 
ter should be a clear and concise statement of the facts 
that there is money owing, that the account has been 
placed in his hards and that he expects payment. 

If through the various channels of legal procedure 
the attorney is unable to secure payment, the account 
should be wriiter off, as further work is a waste of time 
and the resu:ts will not compensate for the money and 
efforts expended. 
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Customers’ Accounting Methods of 
the Utah Power & Light 
Company* 


By Gus ANDERSON 


_ Utan Power & Light Company owns and oper- 

ates el.ctric power and light properties in Utah, 
southwestern Wyoming, southeastern Idaho, and in ad- 
dition, owns all the bonds and all the capital stock of 
the Western Colorado Power Company, which owns and 
operates electric light and power properties in south- 
western Colorado. The Utah Power & Light Company 
and its Colorado subsidiary serve 281 communities, in- 
cluding Salt Lake City and Ogden, Utah, Durango, 
Colo., and izany rural districts. Total population served 
is e timated at 450,000. 

The territory is divided into ten divisions each hav- 
ing its own commercial office for handling consumers’ 
accounts and reporting to the general offices in Sait 
Lake City. 

The Salt Lake Division covers an area of 800 square 
miles in Sa't. Lake County, which includes the cities of 
Salt Lake, Sandy, Midvale and several small towns, 
with a total population of 180,000. 


ACCOUNTING DEPARTMENT ORGANIZATION 


The consumer’s accounting department is subdivided 
into the application, credit, bookkeeping, and billing de- 
partments. The application department takes all appli- 
cations for service and orders to disconnect service, 
handles ali complaints and issues all work orders for 
the service department. The credit department handles 
all matters pertaining to the collection of the accounts 
and passes on all merchandise contracts. The book- 
keeping department abstracts the earnings, balances 
the ledgers, posts credits, opens and closes accounts and 
compiles all reports. The billing department reads 
meters, addressographs bills, and posts charges to 
account cards and bills. 


The company’s present accounting method is the in- 
dividual account card system, that is, an account is 
opened for each meter installed and for large merchan- 
dise items, the small merchandise items being entered 
on a line of the service account. 

The Salt Lake Division has 51,000 electric and 5,000 
merchandise accounts, divided into 150 ledgers and 
routed geographically in Salt Lake City and alpha- 
betically in the smaller cities and towns. 


BILLING 


A billing schedule is made each month showing the 
ledger numbers, meter reading date, billing date and 
last discour.t day for each billing district, and all bids 
are printed from this schedule. They are then ad- 
dressed by addressograph machine, and previous read- 
ings and dates are entered from the ledger cards. 

All electriz service debits are entered with pen and 
ink. One group of clerks posts from the meter book 
io the ledger card the date, reading, consumption and 
net charge. The meter book then is turned over to 
another group that enters the present reading, date 
and consumption on the bills. Rubber stamps are used 
to extend the gross charges, differences and net charges. 
The net amount of the bill is compared with the charge 
on the ledger account and during this operation the 





* Report prepared for the customers’ records committee. 


523 








524 


arrears and merchandise items, if any, are entered on 
the bill, which then is footed, checked and mailed: 

Merchandise charges are posted daily to the ledger 
cards by a Burroughs duplex adding machine, which 
recaps by ledgers and gives an automatically accumu- 
lated total which must balance with the report made 
by the sales department. 

Final bills are made the same day the disconnect 
order is received, and if the customer has moved out 
of town and has a guaranty deposit, the amount of the 
bills is deducted from the deposit and a check for the 
balance is mailed to the customer. 

An abstract of earnings showing kw.-hr. and amounts 
for each class of service is made once a month, 


checked, and the totals posted to the ledger control 
card. 


CASH RECEIPTS 


At the time of payment the bills are receipted by a 
National cash register equipped with a voucher cut-off 
which stamps the amount paid on both the customer’s 
portion and the cashier’s stub, which is cut off during 
this operation and dropped into the container attached. 
This machine also accumulates the total of the amounts 
rung up and gives the amount to which the tellers bal- 
ance each day, and from which a daily cash statement 
is made by the tellers, checked and forwarded to the 
general office. 

Stubs taken in are routed according to ledgers and 
are posted to the accounts the following day by Bur- 
roughs duplex machines and recapped by ledgers. The 
total for the day, which is accumulated automatically, 
must balance with the amount shown on the daily cash 
statement. 

Ledgers are balanced as of the last day of each 
month and all debits and credits are posted from the 
ledger controls to the consumer’s ledger summary 
from which report is made to the general office. 


Consumers’ Accounting With the 
Hollerith Machine* 


By C. F. KIRCHHAINE 


ONSUMERS’ accounting on Hollerith machines is 

accomplished by punching billing information on 
80-column Hollerith cards with magnetic duplicator 
punches. The Hollerith cards are used for printing bills 
and register sheets. 

This article will describe, first, the procedure used 
by the Puget Sound Power & Light Company, northern 
district, in installing this system and, second, the oper- 
ation of the system after installation. 

It was decided in the latter part of the month of 
June, 1929, to install the Hollerith Billing System in 
the Bellingham office, from which are billed approxi- 
mately 27,000 electric items and 3,000 gas items each 
month. The rewriting of the records was begun in 
the month of July following the closing of the various 
routes for July business. The new system was placed 
in operation as of Aug. 1, 1929. 


INSTALLATION 
Meter Reading Sheets—It is necessary to show all 
billing information on the meter reading sheets for use 
of the punching clerks. Therefore, two forms of meter 
reading sheets were prepared. One form, A-91, is used 
on accounts which require manual calculation because 
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of special contract, and accounts on which the 
connected load or demand controls the billing. A 
second form, A-92, is used for all accounts which can 
be billed from charts indicating extension on kw.-hr. 
for electricity and cu.ft. for gas. (See Figs. 1 and 2.) 

These meter reading sheets were stenciled in the 
blank space on the bottom after the stencils had been 
compared for correctness with the present ledgers. 
Then the billing information was inserted in the ap- 
propriate spaces, together with the last reading of the 
meter. These sheets then were compared with the 
previous meter reading sheets for the purpose of in- 
serting the location of the meter and arranging them 
in the exact order the meter reader follows. They 
were then bound in suitable binders and were ready for 
use. The new meter reading sheets should be put in 
use one month before installation of the machine bill- 
ing, for ease in accounting for final bills. 

Register Sheets—A register sheet was devised for 
showing all information shown on the bills. (See Fig. 
3.) The register sheets provide additional spaces for 
indicating previous balance, total amount due, adjust- 
ments, cash posting, unpaid balance forward, and 
remarks. 

Loose-Leaf Binders—Loose-leaf binders were pro- 
vided for binding the register sheets received each 
month. A current binder and two transfer binders are 
provided for each 15,000 items. 

Charts for Billing Purposes—Charts for billing pur- 
poses were prepared on 18 x 24-in. sheets, using %-in. 
rubber stamps, a chart being prepared for each regular 
schedule controlled by kw.-hr. of current or cu.ft. of 
gas. These charts were mounted on 19 x 25-in. metal 
sheets supported on a hinged rack and available for 
the use of the punching clerks. 

Bills—A supply of consumers bills (Fig. 4) were ob- 
tained which were designed to indicate the reading 
dates, schedule under which billed, present reading and 
previous reading, constant, consumption, demand, 
amount of bill, class of service, and a stub on which is 
shown account number, class of service, and amount of 
bill. These bills must be spaced to fit the printing 
section of the Hollerith machine. 


Tickler File—A tickler file was obtained containing 
an index card for each route in the system to carry in- 


formation on accounts requiring special attention. 
(Fig. 5.) 


OPERATION OF SYSTEM 


Meter Readings—When the meters are read, a read- 
ing must be obtained for each meter in the book as no 
“skips” can be accounted for. If the meter reader 
finds that he cannot gain access to the meter for a 
reading, he estimates the reading, indicating on the 
meter reading book that this reading is estimated. He 
leaves at the customer’s premises a post card request- 
ing that the customer indicate the reading of the meter 
on the post card and mail it in for checking the esti- 
mate. These post cards are placed in the tickler file 
and when the bill is prepared on the printing machine 
the indicated reading from the customer is checked with 
the estimated reading and if necessary a correct bill 
is mailed to the customer and adjustment is made. 

Checking Meter Books—Meter reading books next 
are passed to a checking clerk, who checks the subtrac- 
tions of the readings which were made by the meter 
readers and extends all readings on accounts requiring 
manual extension, such as special contracts and ac- 
counts controlled by demands. This clerk also removes 
completed reading sheets due to discontinued accounts 
after the sheets have served their usefulness. 
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Fig. 1. Face and reverse of meter reading 
sheet, Form A-91 
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Fig. 2. Face and reverse of meter reading 
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ACCOUNTS RECEIVABLE CONSUMERS—SALES REGISTER 


PUGET SOUND POWER & LIGHT COMPANY 




















Fig. 3. Register sheet developed to show all information shown on the bills and to provide space for other 
convenient entries 


READING BAYES | seevice | METER READINGS 
rrow To } paRevious CONSTANT COomsumPTiON 


PRESENT ee 


$16616110)] £975) 960] i | i5 | 
$1616 /14 970| 726 4 244 75 
$1616 /|15 60 
| 
1 
1 
338-6 E 37021 \ PAY@ERT OF THIS SILL BAY 
Be ) mnneceneanal 


THIS BILL IS DUE WHEN RENDERED AND BECOMES DELINQUENT 10 DAYS THEREAFTER 
PLEASE BRING THIS BILL WITH YOU WHEN MAKING PAYMENT IN PERSON 








TO PUGET SOUND POWER & LIGHT COMPANY ( 
f 





OATE RENDEREO 


__ STATEMENT OF ACCOUNT _ 






wORTHERN 
orstaicr 


) DR. 


Pucet SouRO POweR S Lieut Company ( “Sarncr 


woure } account STATEMENT OF ACCOUNT 
Soescmirrion | amount __sumeee — vc [Bases ee 
ELEC 98 2 5000 Et 
ELEC 469 2 5000 «el 
ELEC 2.40 2 5.000 135 
ARREAR | 3,50 2 5.000 | me 
TOTAL 2137 T 
* “ARREARS” REFERS To / $58-6 Eg 37021 


AMOUNT WHICH, ACCORDING / 
PR TO OUR RECORDS, WAS UN RT. 1 
om TIME THIS BILL was BURLINGTON WASH. 


PAD BY CHECK PLEASE BETUGN THIS STUS 


Fig. 4. Specially designed consumers’ bills 


Punching Cards—The books are passed next to the 
punching clerks, who punch the billing information on 
an 80-column Hollerith card. (Fig. 6.) Since some of 
the billing information will be identical on all the bill- 
ing cards of a route, a master card is prepared for this 
common information and placed in the duplicator on 
the punching machine. This part of the punching is 
automatic, the punching clerk punching the individual 
information for each account. 

Cycle Balance—A cycle balance is taken for the pre- 
vious month on each route, on the same day that it is 
to be punched, for the current month’s earnings and 
arrear cards are punched for all unpaid balances. 
These cards, together with stenciled bills, are passed to 


‘the Hollerith machine for further attention. 


Providing Extensions on Cards—Cards first are 
placed in the sorting machine and all cards for flat ac- 
counts and accounts with constants other than one are 
eliminated. Remaining cards are checked for correct 
computation of consumption by adding the present 
readings, the previous readings, and the consumption. 
The total consumption on a set of cards, added to the 
total of the previous readings, must equal the total of 
the present readings. The cards next are sorted to 
billing schedules and then are checked for correct ex- 
tension by applying the various steps of the rates under 
the different schedules to the totals of the kw.-hr. or 
consumption at the primary, secondary, and third steps. 
which extension must agree with the total amount of 
the bills. 


It may be well to state at this time that should a 
customer have two or more meters, the readings of 
which are to be combined in arriving at the amount 
of bill on a given schedule, a card is punched for each 
of the meters, indicating the reading dates, schedule, 





present and previous reading, constant, and consump- 
tion. Then a billing card is punched, indicating the 
total consumption, demand, and amount of bill, and, if 
necessary, statistical information relative to amount of 
discount and consumption in the various steps of the 
schedule. 


Printing Bills—After the cards have been proved to 
be correct, both as to extension of consumption and 
amount of bill, they are placed in the sorting machine 
and are sorted with reference to account numbers and 
are so arranged in the sorting machine that the light- 
ing schedules will come first, the billing cards referred 
to in the preceding paragraph following the reading 
cards where more than one meter is combined on a 
billing, followed by the power schedules, then the gas, 
the arrear cards appearing last. Cards then are in 
order for printing bills and register sheets. These 
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Fig. 5. Tickler file index card to carry special information 
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cards next are checked with the stenciled bills to de- 
termine that there is a bill for each customer to be 
billed. 

In addition to this check, the Hollerith operator 
checks the stenciled account numbers with the account 


numbers printed by the machine as the bills are being 
printed. 


Printing Register Sheets—By punching a special 
indication on all the arrear cards and using this indi- 
cation as a control on the printing machine, the amount 
on the arrear cards will fall in line with the amount of 
the billing for current bills and will be totaled on the 
bill, while on the register sheet the amount of the ar- 
rears will be placed in a column separate from the cur- 
rent month’s billing, and the total for each customer 
will be shown in a separate column. 


Checking Register Sheets—After the bills and the 
register sheets are prepared, the meter reading books 


ava sue 


are checked against the register sheets to see that each 
indicated account has been properly billed on the correct 
account number, after which amounts due from the 
customers for merchandise, jobbing, motor rentals, etc., 
are entered on the bills by hand. Bills then are mailed 
out. 

Cash Posting—Cash is posted in the column indi- 
cated on the register sheets from the stubs received 
from the cashiers after the stubs have been sorted in 
numerical order. If the account is paid in full, a rub- 
ber dating stamp is used to indicate the fact. If pay- 
ment on account is made, it is necessary to enter in the 
date and amount of payment. 

Cycle Balance—As stated in a previous paragraph, a 
cycle balance is taken on each route for the previous 
month’s work after the cash received on the previous 
day to the billing date has been posted. 


Final Bills—Upon receipt of the cut-out line orders, 


K.W.H. CISTRIBUTION 
an 


PRIMARY SECONDARY, ¢' = 


BEL0 020s o0jouce 

sal i ag 

222222 avy tna ae se agbtaa2 
' i 


9 Se SS 


on DISTRIBUTION 

| primary [SECOMBARY! ae 
OM ERED OBR: 000008 

fiyverueaiy priya year yy 


2jai2 22/22 taadateda zae aaa ra dea ie 222 


= bs Sma i 
Ka 4 OISTRIBUTION 


nme 


PRIMARY isecomeanr, ire 
| RATE - 
Rc clacecooecs 


Wada 
22822212222 
teh 

Baicccieeea 

55/5 5815955. 


tae we wlio 


THIET 





Fig. 6. Set of 80-column cards for Hollerith punching machine 
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correct account numbers are inserted thereon, stencils 
are pulled, and bills are printed from the stencils, after 
which the final bills are prepared and cut-out informa- 
tion inserted on the meter reading sheets affected, indi- 
cating thereon date and number of cut-out line order, 
final reading, the amount of the final bill, the month’s 
earnings affected, also forwarding address of the cus- 
tomer, if any. Notation next is placed in the remarks 
column on the register sheet of the date of the cut-out, 
at which time unpaid balances, if any, are inserted on 
the final bills. Account numbers on the meter reading 
sheets are revised by adding a suffix “99.” This change 
in account number is put in use as the billing machine 
controls from the customer’s account number. 

Meter reading sheets are left in the meter reader’s 
book so that at regular billing date the earning in- 
formation may be punched by the punching clerk, and 
since the suffix “99” is indicated on the account num- 
ber, this information will be registered immediately 
following the previous account number so that the cut- 
out bills will not appear on the new customer’s 
account. 

In punching the cards for arrears or unpaid bal- 
ances shown on the register sheets, the suffix “99” is 
placed on the account number for all unpaid balances 
on accounts that have been cut out. Should the account 
be paid the amount on the register sheet, the cash will 
be posted against the prior month’s account, which will 
result in a credit balance being brought forward to the 
new register sheet, which will balance the account. 





The register sheets are cleared of all these cut out 
accounts each month prior to cycle-balance time by 
transferring the unpaid balances to new accounts or 
the discontinued ledger. 


The checking clerk, when checking the meter books 
against the new register sheets for correctness of ma- 
chine billing, if the amount remains unpaid at that 
time, makes notation urider “remarks” of the custom- 
er’s name, the address where service was used, together 
with the forwarding address for collection purposes. 


Opening New Accounts—The procedure for opening 
new accounts is quite simple. The service department 
is required to furnish exact information as to the loca- 
tion of the property being served. From this location 
the customer’s account number is arrived at, which is 
placed on the line order and the necessary forms of 
meter reading sheets are attached to the line orders. 
These are passed to the stencil clerk, who cuts the 
stencil from which the meter reading sheets are printed. 
After billing information has been inserted they are 
placed in meter reading books. 


Earnings and Statistics—Master cards are punched 
from each route, indicating the total earnings by the 
different schedules and statistical information, which, 
in turn, are used on the Hollerith machine for prepar- 
ing statement of total earnings for the month. This 
statement is the basis for a Journal Entry debiting the 
accounts-receivable consumers and crediting the appro- 
priate earning accounts. 


FIXED CAPITAL COMMITTEE 


Definition of a Unit of Fixed 
Capital* 


A DISCUSSION ON THE LOGICAL GROUPING OF DETAIL 
FOR RECORDING IN FIXED CAPITAL RECORDS 
SYSTEMS. 


fb Dipce fixed capital committee for the year ending 

June, 1930, was charged with the “definition of a 
unit of fixed capital;” or, more elaborately, the segre- 
gation of items of property within accounts into 
“standard” detail groups for uniform recording in fixed 
capital records systems. 

Fortunately for the committee, this is not entirely 
a pioneering task, since past committees have given the 
topic much consideration, and many good systems now 
are in operation. 

The following papers are especially worthy of review 
in connection with this particular subject: 

Fixed capital committee, national section, year 1924; 
“Suggestion of Major Units for Fixed Capital Ac- 
counting.” 

Fixed capital committee, national section, 1928; 
“Units for Structure and Contract Construction.” 

Metropolitan New York section, year 1929 (three 
separate subcommittees); “General Equipment,” 
“Turbo-Generator Units-Steam,” and “Land.” 

B. S. Rodey, before the Gas and Electric Accounting 
Society, New York, May 26, 1924; “A Discussion of 
Fixed Capital Records, Showing the Practice of the 





* Report of the fixed capital committee. V. T. Montgomery, 
Idaho Power Company, chairman. L. E. Hinman, Pacific 
Northwest Public Service Company, vice-chairman. 

Mountain States Power Company: Arch Bezzant. 

Pacific Power & Light Company: E. C. Winslow. 

Puget Sound Power & Light Company: E. P. Donegan. 


United States Electric Light & Power Company, New 
York.” 


SCOPE OF REPORT 


This committee has not particularly attempted to 
develop any new methods or theories of accounting for 
fixed capital. Rather, it has tried to find a medium 
somewhere between the two extremes of cumbersome 
detail and ineffectual brevity which would be of maxi- 
mum service, contingent with cost, to the average elec- 
tric utility. It lays no claim to being complete in scope 
or final in its judgment, realizing full well that if 
definite and universal rules for the refinement of pre- 
scribed accounts were possible to establish now, they 
could be incorporated in the classification and further 
research would be unnecessary. 

Economy of reconstruction dictates that extensions 
must be designed to operate with existing equipment. 
This will continue to retard unification ef standards. 
The Engineering Section of this (Northwest) associa- 
tion, however, through diligent research and exchange 
of ideas is minimizing the “local condition” factor 
which sometimes makes the property list of one utility 
look like a foreign industry to a neighbor in similar 
pursuit. 

The committee believes that with study and periodic 
revision, while the barrier of both physical and circum- 
stantial dissimilarity is being obliterated, a text for 
detail subsidiary accounts can be formulated which can 
be generally prescribed subject to local adaptation. 
This does not imply that member companies should 
wait for development in the art. A system after the 
fashion of any now in use is thoroughly justified. 


DEFINITIONS 


To avoid ambiguity, some of the terms used in this 
report are defined. These terms are not necessarily 
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meant for adoption, but are selected and defined to 
avoid confusion in the report itself. 

Fixed Capital Records System—Undoubtedly every 
utility has some method of analyzing and detailing con- 
struction costs. The simplest and necessarily the first 
of these methods is to analyze and detail to some extent 
the cost of each job upon its completion. For original 
construction this method is adequate, but after years 
of additions and removals, the existing detail of a 
major project or location can not be determined with- 
out combining the analyses of all individual jobs into 
a composite analysis, detailed according to kinds and 
classes of equipment. 

A fixed capital records system as understood in this 
report, is a system of records which is designed to 
bring together each kind of property for each geo- 
graphic location, maintaining at least a perpetual 
record of cost, quantity, source of origin or reference, 
and date of acquisition and removal. It may be a part 
of the books of account, or an entirely independent 
compilation. It also may show engineering and main- 
tenance data as a marginal reference, depending upon 
the organization and requirements of individual com- 
panies. 

Account—An account as referred to here is one of 
the subdivisions shown in the “Uniform Classification 
of Accounts for Electric Utilities.” It may be a sum- 
mary account, as “land,” or it may be specific, as 
“hydro-electric power plant land.” 

Group—A group is a certain general class of prop- 
erty within an account, arranged to facilitate reference, 
posting, ete. It may consist of nothing more tangible 
than a thumb-tab followed by ledger sheets or cards 
upon which detail is posted. In certain accounts, how- 
ever, where circumstances warrant, group totals may 
be kept by inserting a ledger sheet or card at the be- 
ginning of each group for the purpose of control. 


Item—An item represents the maximum detail as to 
kind, description and individuality designed for. re- 
cording in a fixed capital records system. Thus, 
35-ft. poles in a given location may be an “item” while 
the only further detail is quantity and average unit 
cost. For further definition, “item” may be divided 
into two classes and designated as “individual” and 
“massed.” Individual items are those which are not 
sufficiently duplicated in kind to permit one general 
description to suffice for multiple units, or the aver- 
aging of prices. Massed items are accumulated accord- 
ing to kind, size, function, average values, etc., and are 
grouped without regard to individuality of units with 
total quantities and average unit costs being the gov- 
erning factors. 

Unit—In some discussions “unit” conveys the idea 
defined as “item.” The principal reason for substitu- 
tion of terminology is that “unit” aptly describes the 
standard of quantity, such as pound, foot, etc., and 
would be confusing if used interchangeably. Hereafter 
in this report “unit” will be understood to be the stand- 
ard of divisibility within an “item,” and will always be 
associated with quantity. 

Summing up the above definitions, an assembly like 
the following example may be developed: 


Fixed Capital Records System—aAll property at the 
Water Falls plant. 

Account—Electric plant, hydro. 

Group—Wire, cable and conduit. 

Item—Two-inch metal cenduit. 

Unit—Linear foot. 


LESS ELABORATION IS DESIRABLE 


Accepting these definitions for discussion, it may 
be seen that the most important consideration in plan- 
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ning a fixed capital records system is the selection of 
items. 

A system which simply carries money values by ac- 
counts and locations, with references to job numbers 
and dates, is very easily established and maintained. 
However, its value is limited because of lack of proper 
items, the items in this case being expenditure requisi- 
tions on work orders. The other extreme, a system 
which maintains a separate record of each pole and 
details the fixtures which it supports, it expensive to 
install and perpetuate, although its uses are unlimited, 
because of the fineness to which its items have been 
drawn. 

It should be remembered that each refinement, espec- 
ially in accounts which by nature are voluminous, adds 
greatly to the burden of perpetuating the system. Con- 
versely, failure to make the refinement may render the 
system inadequate for many uses, thus necessitating 
occasionally slow and costly analyses from original 
records. 


As previously stated, no set standard for the amount 
of elaboration can definitely be advised. A general 
criterion, however, is that a system, to be effective, 
should be designed to furnish promptly and without 
analysis any regularly anticipated information on fixed 
capital. Seldom, if ever, should it be necessary to go 
back to individual job cost analyses for information, 
after the detail has been posted to the fixed capital 
records system. 


Experience seems to tend toward less elaboration, 
especially in the more active classifications. In accounts 
involving much detail and relatively small individual 
amounts, it now is generally conceded that a system 
which theoretically guarantees the ultimate retirement 
of all costs and maintains an inventory of major items 
in quantity and average unit costs is sufficient for most 
requirements. 


USES OF THE RECORDS 


As fixed capital records systems improve, they are 
being called upon constantly to furnish information 
which was not obtainable from former systems. These 
uses are of such prime importance in designing a sys- 
tem that a partial list is given below, classified accord- 
ing to the sources within the record from which the 
information usually is taken: 


From Detail, or Items: 
Retirements 
Insurance 
Field Inventory Checks 
Depreciation Studies 
Reproduction Cost Studies 
Estimating 
Engineering 
Rate Base Studies 
Federal Power Commission Reports 
Ete. 


From Summaries and Controls: 


Insurance 

Budgets 

Regular Reports 

Inventory gum maries 

Statistics 

Taxation Reports 

Various Regulatory Requirements 
Etc. 


RECOMMENDED GROUPING OF DETAIL 


It is with the above uses in mind, together with 
reasonable economy, that the committee recommends 
the following groups, items, and units. They are ar- 
ranged according to the Uniform Classifications of Ac- 
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counts, and may easily be expanded or contracted to 
meet individual needs. 





Boiler Plant Equipment Account 


GROUP ITEM UNIT 
Boilers and furnaces. 
Boiler. 
Organization Account Furnace. 


GROUP ITEM UNIT 
Original organization cost. 
Increases in capital stock. 


Each authorization or stock sales program. 
All, 
Other already classifiable items, 


Franchise Account 


Flue or breeching. 

Smoke stack or equivalent. 
Boiler room auxiliary. 

Mechanical stokers. 

Other mechanical firing equipment. 

Fuel handling equipment, 

Ash handling equipment, 

Feed water pumps, 

Fuel oil pumps. 

Economizers. 

Draft fans. 


GROUP ITEM UNIT Feed water tanks. 
" aa Feed water heaters, 
County franchises. Seed waited Gtete 
= nen. , Piping (each size and kind separately. Cost to include fit- 
Municipal franchises. . 
Each tings). 


Miscellaneous Intangible Capital Account 
ITEM UNIT 


(To be determined in each individual case.) 


GROUP 


Land Account 
GROUP 
Real land, 


ITEM UNIT 
One continuous tract (including cost of title). 
Each separately deeded parcel. 
Water rights. 
One power site. 
Each separate filing. 
Leaseholds (if subject to being capitalized). 
One continuous tract. 
Each lease or agreement. 
Line right-of-way. 
Easements (including 
expenses). 


condemnation and legal 


GROUP 


High-pressure steam piping. 
Exhaust steam piping. 
Feed water piping. 
Circulation piping. 
Fuel oil piping. 
Linear foot (all piping). 
Miscellaneous. 
Fuel oil tanks, ete, 
Each, 


Prime Movers and Auxiliaries (Steam) Account 
{TEM UNIT 
Steam engines or turbines. 
Engine or turbine, 
Foundations. 
Condensers, 
Condensers. 
Pumps. 
Condensing water cooling systems, 
Towers. 


All. Sprays. 

Clearing right-of-way. Piping. 
All. Miscellaneous. 

Damages. Each miscellaneous item worthy of separate 
All. treatment. 


Structures Account 


GROUP ITEM UNIT 
Buildings, 


Foundations (including excavation). 


Turbine-Generator Units (Steam) Account 


(Same as preceding account, 


included with prime movers.) 


except that generators are 


Yard. Electric Plant (Steam) Account 
Floors. 

Square foot, or cubic yard of con- GROUP ITEM UNIT 

crete, Generators. 
Exterior walls. Generators. 
toofs. 


Interiors, 
Miscellaneous, 
Cranes, elevators, heating systems, 
etc.—each. 
Land improvements. 
Grading, landscaping, bench marks, etc. 
(To be determined in each individ- 
ual case.) 
Roads and walks 
depreciation rate). 
Fences (each kind and type). 
Water and sewer piping (includes excavation, 
fittings, etc.). 
Linear foot. 
Water and sewer equipment. 
Each tank, pump, 
Miscellaneous structures. 
Each important individual item. 
Local power and lighting system. 
Poles and fixtures. 
Each pole. 
Overhead conductors. 
Pounds of wire. 
Transformers. 
Each. 


(separate “items’’ for each 


motor, etc, 


Foundations, 
Each, 
Exciters., 
Exciters, 
Foundations, 
Each. 
Air washers 
Air washers, 
Pumps, 
Each, 
Air washer piping (by 
Linear foot. 


sizes). 


Field rheostats. 

Each general type. 
Power and control motors, 

Each type and size, 
Switchboards, 

Each size and kind. 
Switchboard instruments. 

Each type of instrument. 
Oil circuit breakers, 

Each type and size, 
Station service transformers, 

Each size and type. 
Instrument transformers. 

Each type and size, 
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Electric Plant (Steam) Account (Continued) 
GROUP ITEM UNIT 
Compensators. 
Each type. 
Wire, cable and conduit, 
Each size, kind, voltage, etc. 


Linear foot (cost includes incident- 


als). 
Control battery. 
Battery. 
tack. 
Charging set. 
Lightning arresters. 
Each general type. 
Miscellaneous. 
Bus and switch compartments, etc. 
Each. 


Miscellaneous Power Plant Equipment (Steam) Account 
GROUP ITEM UNIT 
Counter shafting. 
Each size. 
Linear foot, 
Belting. 
Each kind and size. 
Linear foot, 
Pulleys. 
Each kind and size. 
Major machine tools, 
Locomotives, cars, and cranes. 
Small tools. 


Reservoirs, Dams, and Waterways Account 
GROUP ITEM UNIT 
Preparatory work. 
Preliminary investigation. 
Clearing pond area. 
Clearing dam site 
Excavation and backfill. 
Yard (if available). 
Dam proper. 


Concrete. 
Yard. 
Apron, 
Concrete. 
Yard 
Gates and operating mechanism, 
Steel. 


Pound, 
Raising and lowering mechanism. 
Each assembly. 
Motors 
Each. 
Screens and trash racks, 
Each assembly. 
Pound of steel. 
Stop-logs and flashboards, 
Stop-logs. 
Flashboards. 
Board-foot, 
Fish ladders 
Wooden fish ladders. 
Concrete fish ladders. 
Each, cubic yard, or board foot 


Navigation Facilities Account 


(To be determined by requirements in each individual case) 


Waterways Account 
GROUP ITEM UNIT 
Preparatory work. 
Clearing right-of-way. 
Excavation and backfill 
Yard (if available). 
Foundations or saddles for flow line. 
Each, 
Yard. 
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Navigation Facilities Account (Continued) 
GROUP ITEM UNIT 
Canals, flumes, and ditches. 
Excavation. 
Yard. 
Lining. 
Yard. 
Tunnels, 
Each, 
Linear foot 
Bridges. 
Each bridge. 
Each. 
Valves. 
Each valve. 
Each. 
Pipe line. 
Each size. 
Linear foot 
Control equipment. 
Each major item 


(To be determined by nature 


equipment. ) 
Miscellaneous structures. 
Each structure. 
Each 


Forebays, Penstocks, and Tailraces Account 
GROUP ITEM UNIT 
Preparatory work, 
Clearing land. 
Excavation and diking. 
Cubic yard. 
Penstocks., 
Saddles or anchors, 
Valves. 
Structures, 
Envelopes or coverings. 
Miscellaneous. 
Surge tanks. 
Clearing land. 
Excavation. 
Foundations 
Concrete structures, 
Miscellaneous (determine individually 
Tailrace. 
Excavation 
Yard (if available). 
Concrete. 


Yard 


Roads, Trails, and Bridges Account 
GROUP ITEM UNIT 
Automobile roads, 
Right-of-way. 
Grading and drainage 
Surfacing (each kind). 
Mile or linear foot. 
Bridges and culverts, 
Each. 
Railroads. 
(Companies maintaining extensive 


as a secondary operation will find the 


state Commerce Commission classification c 


venient.) 


Water Turbines and Waterwheels Account 
GROUP ITEM UNIT 
Turbine units. 
Turbines. 
Runners. 
Foundations. 
Governors. 
Each governor. 
Valves. 
Penstock valves 
Relief valves 
Draft tubes 
Each, 


ca 
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Water Turbines and Waterwheels Account (Continued) 


GROUP ITEM UNIT 
Oil pressure system, 
Compressors. 
Tanks. 
Motors. 


Piping system. 
Each kind and size 


Linear foot (cost includes fittings). 


Special hydro-static apparatus, 
Each, 


Turbine-Generator Units 


Account 


(Hydro) 


(Same as preceding account, except that generators are in- 


cluded with turbines.) 


Electric Plant (Hydro) Account 


GROUP ITEM UNIT 

Main generators, including direc 
Generators. 
Foundations. 
Auxiliary exciters. 
Foundations. 

Air washers. 
Air washers. 
Pumps. 
Piping (by sizes). 


t-connected exciters. 


Linear foot. 


Field rheostats, 
Each general type. 
Power and control motors. 


Each type and size. 


Switchboards. 


Each size and kind, 


Switchboard instruments. 


Each type of instrument. 


Oil circuit breakers, 


Each type and size. 
Air circuit breakers. 

Each type and size. 
Disconnecting switches. 

Each type and size. 
Instrument transformers. 

Each type and size. 
Station service transformers. 

Each type and size. 
Compensators. 

Each type and size. 


Wire, cable, and conduit. 
Each size and kind 


Linear foot (cost includes all fit- 
tings). 
3uses. 
Conductors, by sizes. 
Linear foot. 
Supporting structures, 
Each structure, 
Control battery, 
Battery. 
Rack. 
Charging set. 
Lightning arresters. 
Each general type, 
Miscellaneous, 
Bus and switch compartments, etc. 
Each, 
Miscellaneous Power Plant Equipment (Hydro) Account 


GROUP ITEM 
Counter shafting. 
Each size. 


UNIT 


Linear foot. 


Belting. 
Each kind and size 


Linear foot. 


Pulleys. 

Each kind and size 
Major machine tools. 
Locomotives, cars, and cranes. 
Small tools. 
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Fuel Holders, Producers, and Accessories (Gas) Account 
GROUP ITEM UNIT 


Boiler plant equipment (see boiler plant equipment—steam) 
Steam engines (see prime movers and auxiliaries—steam) 
Benches and retorts. 

Each, 
Holders, 

Each, 
Purification apparatus. 

Each major item. 
Oil storage tanks. 

Each tank. 
Oil supply lines, 

Piping by sizes, 
Linear foot. 
Oil pumps. 

Each size and type. 
Piping. 

Each size and kind. 
Linear foot. 
Special foundations. 

Each foundation. 

Cubic yard. 

Laboratory equipment. 

Each major item, 


Internal Combustion Engines Account 
ITEM UNIT 
ongines. 
Major auxiliary items. 
Special foundations, 


GROUP 


Electric Plant 


(See electric plant—steam.) 


(Gas) Account 


Miscellaneous Power Plant Equipment (Gas) Account 
(See miscellaneous power plant equipment—steam. ) 


Substation Equipment Account 


GROUP ITEM UNIT 
Outdoor structures. 
Foundations. 


Timber structures, 
Steel structures. 
Each foundation or structure, 
Equipment fences. 
Rod, 
Power transformers. 
Each transformer. 
Constant current transformers. 


Each, 
Arc rectifiers. 
Each, 
Voltage regulators, 
Each, 
Motor-generator sets. 
Each, 
Rotary converters. 
Each, 
Synchronous condensers. 
Each, 
Lightning arresters, 
Each set, 
Reactors, 
Each. 
High-voltage switches, 
Each set, 
Current and potential transformers. 
Each set, 


Switchboards. 
Each kind and size. 
Switchboard instruments. 
Each size and type. 
Each, 
Instrument transformers. 
Each size and type. 
Each, 
Disconnecting switches. 
Each type and size. 
Each, 
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Miscellaneous Power Equipment (Gas) Account 
(Continued) 


GROUP ITEM UNIT 
Wire, cable, and conduit. 
Each kind, size, and voltage. 
Linear foot (cost includes potheads 
and fittings). 
Control battery. 
Battery. 
Rack, 
Charging set, 
Local service transformers, 
Each size and voltage. 
Each, 
Miscellaneous substation equipment. 
Bus and switch compartments, etc. 
NOTE—AIl specially provided foundations should be in- 
cluded in a separate “item” immediately asso- 
ciated with the equipment for which designed. 


Storage Battery Equipment Account 
GROUP ITEM UNIT 
Batteries, 
Each, 
Racks. 
Each. 

Motor-generator sets. 
Motor-generators. 
Foundations. 

Specially constructed floors. 

Miscellaneous. 

Each major accessory. 


Underground Conduits Account 
GROUP ITEM UNIT 
Manholes, 
Each general size and type of construction. 
Each (or cubic foot of volume may 
be used as unit). 
Vaults, 
Each general size and type. 
Each, 
Subways (including excavation and conduit). 
Each kind and size of conduit, 
Linear foot. 
NOTE—Repaving may be included in cost of manholes and 
subways. 


Poles, Towers, and Fixtures Account 
GROUP ITEM UNIT 
Poles (including pole supports, conductor supports, etc.) 
Each pole length. 
Each pole, 
or, in lieu of the foregoing 
Poles (including pole supports, conductor supports, etc.) 
All. 
Pole foot (linear). 
or, in lieu of the foregoing 
Poles and fixtures, 
Poles, 
Pole foot (linear). 
Pole supports. 
Each anchor (including cost of 
span guys, etc.). 
Conductor and equipment supports. 
Board foot (including pins, hard- 
ware, etc.). 
Steel towers. 
Each type. 
Each, 


Overhead Conductors Account 
GROUP ITEM UNIT 
Conductor, 
Each kind and size, 
Pound or linear foot. 
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Overhead Conductors Account (Continued) 
GROUP ITEM UNIT 
Pin-type insulators. 
Each voltage. 
Each, 
Strain insulators, 
Each size and type (clevis, ball-and-socket, 
etc.). 
Each, 
Line devices. 
Each kind, general type, and size. 
Each, 


Underground Conductors Account 


GROUP ITEM UNIT 
Conductor. 
Each kind, size, and voltage. 
Linear foot. 
Junction boxes. 
Each size. 
Each, 
Terminals or potheads. 
Each type and size. 
Each, 


Transmission Roads and Trails Account 


(See roads, trails, and bridges. 


Services Account 
GROUP ITEM UNIT 

Each size and number of wires. 

Each, 

or in lieu of the foregoing. 
Each service (regardless of size and number 
of wires). 

Each, 


Line Transformers and Devices Account 
GROUP ITEM UNIT 
Transformers. 
Each specifte size and rating. 
Each, 
Cutouts. 
Each make and rating (not including plug 
type formerly included in cost of trans- 
formers). 
Each, 


Line Transformer Installation Account 


GROUP ITEM UNIT 

Overhead installations. 

Each size in kva., 
Each, 
Underground installations. 
Each size in kva., 
Each, 

NOTE—This account may be simplified greatly by com- 
bining sizes into a few inclusive groups of kva. 
ratings, or it may be practical in some instances 
to ignore sizes altogether. Transformer installa- 
tion costs usually are not associated with indi- 
vidual transformers, but rather with transformer 
locations. 


Consumers’ Meters Account 
GROUP ITEM UNIT 
Meters. 
Bach type and rating 
Each, 
Instrument transformers. 
Each kind, and specific rating. 
Each, 
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Meter Installation Account 


GROUP ITEM UNIT 
Meter installation. 
Each, 
Power meter installation (involving instru- 
ment transformers). 
Each, 


Installations on Consumers’ Premises Account 
GROUP ITEM UNIT 
Each specific location. 

Motors, 
Each, 

Generators. 
Each, 

Motor-generator sets. 
Each, 

Frequency chargers. 
Each, 

Panels, 
Each. 

Control equipment, 
Each major item. 

Wire, cable, and conduit (by kinds and sizes). 
Linear foot. 


Commercial Lamps Account 
GROUP ITEM UNIT 
All complete installations. 
Each, 


Street Lighting Equipment Account 
GROUP ITEM UNIT 
*Constant current transformers. 
Each specific size and type. 
*Special transformers. 
Each specific size and type. 
*Circuit breakers. 
Each specific size and type. 
\ *Time switches. 
Each specific size and type 
*Station wire, cable, and conduit. 
Each size and kind. 
Linear foot. 
*Switchboards 
Each size and kind, 
Each, 
*Metering equipment, 
Each size and kind, 
Each, 
Are lamp installations 
Each type. 
Each, 
Incandescent units. 
Each type. 
Each, 
Ornamental lamp posts. 
Each type. 
Each, 
*Specially provided poles, 
Each pole length. 
Each pole, 


* If not in conflict with regulatory authority, this equip- 
ment may more conveniently be carried under other ap- 
propriate accounts. 


Electric Appliances Account 
GROUP ITEM UNIT 
Each readily identifiable item. 
Each, 


Office Equipment Account 
GROUP ITEM UNIT 
Furniture and furnishings. 
Desks and tables. 


Each( preferably by company num- 
bers). 
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Office Equipment Account (Continued) 
GROUP ITEM UNIT 
Chairs. 
Each. 
Lockers and booths (by common descriptions) 
Each, 
Floor coverings, 
Square yard, or each. 
Clocks. 
Each, 
Fans (by sizes). 
Each, 
Lighting fixtures (removable, in leased build- 
ings). 
Each make or class (by company and manu 
facturer’s number). 
Each, 
Garage and shop equipment. 
(Each major item by individual identification. ) 
Machines (each by manufacturer’s serial number), 
Typewriters. 
Adding machines. 
Calculators. 
Filing equipment. 
Cabinets (by specific descriptions), 
Movable safes. 
Miscellaneous, 
Chronograph systems. 
Pneumatic tube systems, 
Lunch room equipment. 
Doctors’ and first aid equipment, 


Stores Equipment Account 


Shop Equipment Account 


(Each major item by individual identification. ) 


Transportation Equipment Account 
GROUP ITEM UNIT 
Automobiles. 


Each major item by individual identification. 
Each, 


Telephone, Telegraph, and Wireless System Account 
GROUP ITEM UNIT 
Telephone and telegraph lines. 
Poles and fixtures (see transmission and dis- 
tribution). 
Overhead conductors (see transmission and 
distribution). 
Telephone equipment, 
Wall and desk sets, 
Each, 
Switchboards, complete. 
Each. 
Drainage transformers. 
Each. . 
Relays (including relay boxes). 
Each, 
Miscellaneous, 
Each major item. 
Telegraph equipment. 
Major items by individual identification. 
Each, 
Carrier current equipment. 
Each major item. 
Antenna towers. 
Each tower. 


Laboratory Equipment Account 


(To be determined in each individual case.) 


Miscellaneous Equipment Account 


(To be determined in each individual case.) 
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PURCHASING AND STOREROOM COMMITTEE 


Storeroom Methods* 


“= report of the purchasing and storeroom com- 
mittee consists of two subjects related to store- 

room methods as follows: 

Method of handling and recording robbed parts from 
appliances and equipment. 

Perpetual plan for inventory and the advantages to 
be gained over the annual plan. 

These are presented herewith. 





* Report of the purchasing and storeroom committee. W. L. 
Fitzpatrick, Mountain States Power Company, chairman. 
Idaho Power Company: I. E. Joslyn. 

Mountain States Power Company: Harry Anderson. 
Northwestern Electric Company: W. M, Adam. 

Pacific Northwest Public Service Company: I. D. Murfield. 
Pacific Power & Light Company: H. M. Dunkelberger. 
Puget Sound Power & Light Company: H. B. Johnson. 

Utah Power & Light Company: Henry Mann. 


Handling and Recording Parts 
“Robbed” From Appliances 
and Equipment* 


_ handling and recording of parts “Robbed” from 

appliances and equipment is purely an emergency 
problem dealing with appliances or equipment for which 
no provision has been made in regard to stocking spare 
parts in the warehouse. The following method has 
proved to be quite satisfactory in such cases: 

The article wanted must be covered in the regular 
manner by a storeroom requisition originating in the 
department requesting the article, giving the correct 
description and the proper account to be charged. This 
requisition must be signed by the department head for 
authority. The storekeeper, upon receipt of the requi- 
sition, will rob the complete unit furnishing the part 
wanted and immediately request the balance-of-stores 
department to re-order, giving the correct description 
as furnished by the requisition and the symbol of the 
complete unit, to which the part will be charged. 

The balance-of-stores department will place an order 
on the purchasing department, which in turn will order 
the part in the usual manner from the firm which sup- 
plies such parts. Upon receipt of a copy of the pur- 
chase order, the storekeeper will file the order alpha- 
betically under the vendor’s name, attaching the requi- 
sition to the order pending the arrival of the article. 

Upon the arrival of the article from the factory, the 
storekeeper will re-assemble the robbed unit, making 
it again complete. He then will make out a receipt-of- 
material form and forward it to the balance-of-stores 
department, together with the storeroom requisition. 
The balance-of-stores department will enter the receipt 
of material on the stock card and forward the card to 
the purchasing department. The requisition remains 
attached to the stock card, awaiting the invoice. Upon 
receipt of the invoice by the purchasing department, 
the receipt of material is attached and forwarded to 
the balance-of-stores department for posting the money 
value on the stock card. The requisition then is priced 
and passed in the usual manner. 

Under this method, everyone interested in the trans- 
action has a record and the ordering is done by the 


*A report of the purchasing and storeroom committee. 
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stores department. Furthermore, the supporting record 
of authority is always on file. This again shows the 
importance of the single-item requisition in solving the 
various problems that, arise. 


Perpetual Plan of Inventory and 
Its Advantages Over the 
Annual Plan* 


T IS a well-known and old established practice among 

commerciz.| houses and retail stores dealing directly 
with the public to set a date once each year to take 
a physical check of the stock on hand and make the 
necessary adjustment of the records and reconcile the 
general ledger in terms of money value to agree with 
the inventory. 


ANNUAL PLAN 


To take an inventory on the annual plan requires 
the actual suspension of business temporarily. Often 
the time required amounts to as much as one or two 
days for smaller organizations and in some cases may 
require a week or more to accomplish. The annual 
plan necessarily requires a much larger force of people 
in order that the work may be finished in the shortest 
time possible to permit early re-opening of the store 
for general business. 

While the annual plan perhaps is more adaptable to 
retail stores and lines of business dealing with the 
public, much can be said unfavorable to this plan when 
applied to the larger institutions, such as railroads, 
power companies and others carrying large stocks in 
their warehouses for their own requirements. It may 
be appreciated readily, how, under the annual plan of 
inventory, the regular work in progress would be af- 
fected by closing down the storeroom for a week or 
more to take an inventory. In this day of progress, 
time is money and consequently more modern methods 
are necessary to carry on the work with the least 
amount of interference possible. For this reason alone 
the annual plan is more or less antiquated. The annual 
plan also has a tendency to create carelessness among 
the stock clerks in the storerooms, and in some cases 
even leads to the pilfering of stock. 

In brief, the length of time between inventories has 
a decided detrimental effect upon the personnel han- 
dling the stock and the character of the work per- 
formed. 


PERPETUAL PLAN 


Accurate stock records are indispensable in good 
storekeeping. Poor records breed carelessness and per- 
mit an element of guesswork to creep in which should 
not exist. Therefore, it is essential, when making prep- 
arations for the perpetual plan of inventory, to be sure 
that a record is set up which will give complete data 
on any article from the time of placing the order for 
purchase until the article actually is dispensed from 
the storeroom. The stock card, which is the most ac- 
ceptable form of record and perhaps the most com- 
monly used, should be very carefully planned to give 
the required information. A comprehensive stock card 
should give the following information: 


*A report of the purchasing and storeroom committee. 
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Complete description of the article 
Storeroom number in which article is stored 
Reference for responsibility 
Symbol or lot number 

Date of ordering 

Date of purchase order 

Purchase order number 

Vendor’s name 

Date of receipt 

Amount vendor’s invoice 

Freight and cartage 

Total cost 

Unit cost 

Date issued 

Quantity issued 

Quantity returned for credit 
Amount charged or credited 
Amount in money value 

Balance on hand 


The balance on hand after each transaction, whether 
incoming or outgoing, has a decidedly important part 
to play in keeping an accurate record. Housing of the 
material is another important factor, and careful plan- 
ning also should be exercised to see that all items of 
like nature, or items pertaining to special groups, such 
as railway electrical material, are stored in a certain 
section of the warehouse and the section numbered with 
bin tags on each bin, giving the following information: 


Correct name and description of article 
Symbol or lot number assigned 

Date received 

Date issued 

Quantity in units 

Account chargeable or credited 


Under this arrangement, clerks in the warehouse 
soon become familiar with the various locations of the 
stock and much time will be saved in the filling of 
orders. The clerk filling the requisitions knows at a 
glance where to find the material wanted and removes 
the amount called for from the bin. At the same time 
he posts the quantity on the bin tag, makes the sub- 
traction and brings down the new balance. This new 
balance also is placed on the requisition in the space 
provided and the clerk then signs his initial on the 
requisition to show who filled it. Initialing of the requi- 
sition by the clerk in his own handwriting places the 
responsibility directly upon him and has a moral effect, 
keeping the clerk constantly on the alert to avoid 


making errors, which in turn improves and builds up 
the standard of the work performed by the clerks to a 
higher degree of efficiency, all of which has much bear- 
ing on the inventory. 

Another feature that plays a very important part 
in the success of the balance-on-hand system, or per- 
haps more commonly known as the balance-of-stores 
system, is the use of single-item requisitions, transfers, 
credit memos, receipts, and, in fact, all transactions 
affecting the balances. Each transaction covering with- 
drawals from the stock or additions to the stock, if 
made out on individual requisitions, will give the great- 
est amount of flexibility possible to attain, and while 
the extra paper required may seem quite unnecessary, 
it will be found, however, that the efficiency gained far 
more than compensates for the paper used. 

The single-item requisition, carrying the balance-on- 
hand feature, permits an inventory to be taken on any 
item selected at any time desired. The requisition also 
can be used as an order on the purchasing department 
as authority for buying the material and delivering 
directly to the job, in cases where the storeroom is 
unable to fill the order. This is done either by stamp- 
ing or writing across the face of the requisition, “goods 
on purchasing department,” which immediately con- 
verts the requisition into an order on the purchasing 
department. In brief, the single-item requisition makes 
it possible to make a study of any item without con- 
flicting with, or holding up, the regular routine of any 
other item. Perpetual inventory, with the supporting 
records as mentioned, will prove far more successful 
and beneficial in many ways than the annual plan. 


ADVANTAGES OF PERPETUAL PLAN 


Some of the outstanding features in favor of the 
perpetual plan of inventory, as compared with the 
annual plan, are that the perpetual plan— 

Allows a closer supervision of the stock, 

Improves the efficiency of the work performed by the 
clerks in the warehouse thereby raising the standard, 

Requires a smaller force to make an inventory, 

Makes it possible to count material at any time de- 
sired, 

Allows for a complete inventory, or special group, 
or an individual item only, 

Spreads the adjustments over the entire year’s busi- 
ness on a monthly basis, and 

Has a decided tendency to overcome obsolescence. 

Last, but not least, it has much to do with the finan- 
cial structure, holding the stock down to a minimum 
consistent with the operations of the company. 


GENERAL RECORDS COMMITTEE 


Machines for General Records* 


URING the year 1929-30 the general records com- 

mittee studied the advisability and practicability 

of the use of machines for general records, and the 

question of defining the point of efficiency between ma- 
chine and handposting of general records. 

The question of the propriety of machine bookkeeping 

is beyond argument. During the last twenty years all 


= Report of the general records committee. G. F. MacKenzie, 
Pacific Power & Light Company, chairman. C. E. Gieseker, 
The Washington Water Power Company, vice-chairman. 


The California Oregon Power Company: R. B. Smith. 
Mountain States Power Company: John Ford. 

Pacific Northwest Public Service Company: E. I. Snyder. 
Puget Sound Power & Light Company: F. H. Anderson. 


kinds of mechanical devices have invaded the account- 
ing office until today, at least in this country, an office 
without machinery is almost as antiquated as a ship 
without engines. The advisability of the use of ma- 
chinery in any accounting feature is decided primarily 
by the consideration of three factors: cost, speed, and 
form of record produced. It is conceded that the appli- 
cation of machines in some form to customers’ accounts 
receivable will result in a reduction of cost, additional 
speed, and a satisfactory form of record, for the reason 
that customers’ accounts, in a utility of any size, are 
voluminous enough to warrant a machine installation 
of some type. This is not true in regard to the gen- 
eral records of utilities. The variety of these records 
due to local conditions demands that each feature be 
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considered by itself and in relation to the other records 
on which it depends. It is not possible to single out 
even one feature of the general records and say defi- 
nitely that it could satisfactorily be handled by means 
of machines. The most that can be done is to present 
the features of some machine installations which have 
proved themselves under actual operating conditions, 
with the hope that an idea may be procured which may 
be of help in solving some general record accounting 
problem. The committee therefore is submitting in con- 
junction with this report (1) the outline of an installa- 
tion of the Moon Hopkins machine (Burroughs Adding 
Machine Company) applied to accounts payable and 
(2) a discussion of machines applied to cost account- 
ing. These articles may be found on the pages imme- 
diately following this report. 


No RULE CAN BE FORMULATED 


It is the opinion of the committee that it is impos- 
sible to formulate any rule to define the point of effic- 
iency between machine and hand posting methods. It 
would be wrong even to state that the magnitude of 
a particular accounting feature has any bearing on the 
question for some of the most valuable time-saving 
installations come as by-products of machines used for 
other purposes. Particularly is this true in connection 
with the tabulating machines known as the Hollerith 
and the Powers, and to those companies fortunate 
enough to possess an installation of this type many 
valuable by-products accrue in relation to general rec- 
ords. In this connection it is repeated that each prob- 
lem must be considered by itself and in the light of 
all the conditions surrounding it. Conditions such as 
geographic distribution of territory served, manage- 
ment policy, type of superintendence and many others 
have a bearing on each case and reflect themselves in 
even the simplest operation relating to general records. 

No substantial benefit seems to be derived from keep- 
ing the general ledger by machine methods. The De- 
troit Edison Company, which probably is one of the 
most highly developed machine accounting utilities in 
the country and a company which serves more than 
500,000 customers, reports that “The general ledger is 
for the most part a pen-and-ink record, although type- 
writers are used where possible.” Therefore, it is the 
opinion of the committee that the general ledger is not 
a record which lends itself to machine accounting. 


BIBLIOGRAPHY 


During the investigation of this question several 
pamphlets were received by the committee from the 
National Electric Light Association. These undoubtedly 
would be of interest to any utility considering the ques- 
tion of machine bookkeeping. These may be had upon 
application to the N.E.L.A.: 
~ General Office Machine Accounting System of Public 
Utilities, presented by the American Gas & Electric 
Company. 

Development of Customers’ Accounting Machines, 
N.E.L.A. customers records committee report 1928-29. 

System for Receiving, Recording and Refunding Cus- 
tomers’ Deposits, N.E.L.A. customers records commit- 
tee 1926-27. 

Guide Covering Use of Machines on Accounting 
Work, the Detroit Edison Company. 

The development of accounting machinery has been 
so rapid and the subject is of such vital importance 
to the Northwest Accounting Section that the com- 
mittee believes it would be advisable to include in the 
program of the Accounting Section each year a com- 
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mittee assignment which would assure adequate con- 
tact with machine development both from the mechani- 
cal and the application standpoint. 


CO-OPERATION WITH NATIONAL COMMITTEE 


During the year this committee co-operated with the 
general records committee of the N.E.L.A. in an in- 
vestigation of the preservation and destruction of rec- 
ords, to the extent of reporting methods employed by 
local companies. A request recently has been received 
from this committee for material relating to machine 
bookkeeping suitable for inclusion in the exhibit sec- 
tion of the N.E.L.A. Convention to be held in San 
Francisco in June. The committee has forwarded all 
available material. 


Unit Posting Slip Plan for Posting 
Invoices* 


By B. H. PARKINSON 


N author in describing the principle of a ledger 
account gave as a definition of a ledger account, 
. a record wherein like facts may be brought 
together in one place, prior to the time they are needed 
for making a balance sheet,” and went on to say that 
“what is needed is a sort of pigeon-hole device into 
which the facts of changing financial conditions may 
be sorted. This cannot be done directly, like building 
a mail-sorting rack in a post office, for the facts ac- 
counting has to ‘sort’ are not tangible things like let- 
ters, to be thrown into sacks or bins. Accounting facts 
are ideas, or rather figure symbols of ideas. Therefore, 
a record is needed more than a ‘rack’.” Obviously a 
practicable plan which would make possible the sorting 
of accounting facts into their ultimate classification 
by using a pigeon-hole device or other physical means 
would save considerable time and expense. Such a plan 
has proved to be practicable and may be termed the 
“Umit Tran 

The unit plan of accounting is not entirely new. 
However, the idea of applying the principle as com- 
pletely as possible in designing all accounting systems 
is comparatively new, i.e., in the first operation reduce 
the original data to their smallest unit; second, physic- 
ally sort the items into their ultimate classification; 
and third, enter in detail or mechanically tabulate and 
enter in total in the final distribution record. 


“ 


The degree of success with which mechanical sorting 
and tabulating devices are used in connection with the 
unit plan of accounting is commonly known. Whether 
to sort mechanically or by hand is a question of ex- 
pense and depends entirely upon the number of differ- 
ent tabulations of the same media that are to be made 
and also upon the volume, the load factor that can be 
developed for the sorting machine, and whether the 
posting unit is developed as a by-product or is a factor 
of expense. There is another factor which is entirely 
in favor of the hand plan because of the nature of the 
unit produced (i.e., in writing rather than a punched 
card) and that is that the posting unit after tabula- 
tion may be used as a ready analysis of the total, or, 
as in the case of construction accounting, permanent 
supporting detail. 


* Supplement No, 1 to the report of the general records com- 
mittee 
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The unit posting slip plan 


In connection with the unit plan where sorting is 
to be done by hand, the time ticket, whether for an 
individual or a crew, is designed in duplicate in such 
a way that the duplicate can be cut into units. Store- 
room orders are drawn in duplicate with a separate 
requisition for each expense charge, and the duplicate 
becomes the posting unit. A separate cartage or trans- 
portation order is drawn for each charge account. A 
unit slip is prepared for each charge on invoice as 
journal entry. In this last case the unit slip pro- 
duced by one company was not a by-product, but con- 
trary to a first impression, it proved to be a consid- 
erable saving in time and expense. Unit slips were 
distributed to the various subsidiary ledger bureaus 
and the invoice was passed for payment thereby avoid- 


ing the hazard of losing a discount. The cost of keep- 
ing a record of the whereabouts of the invoice while 
passing from one bureau to another, the delay caused 
by one bureau waiting for another to complete the 
posting, and the elimination of the time consumed in 


reconciling interim trial balance with control accounts 
also were avoided. 


THE UNIT POSTING SLIP PLAN 


The following is a very simple plan for producing 
a posting unit from invoices and journal entries in 
connection with the preparation of an invoice register 
and posting on accounts payable ledger. The reader 
may decide which is the by-product. 

The unit posting slips are not collated with the in- 
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voice register and accounts payable ledger for the 
reason that with 50 per cent of the items a descrip- 
tion on the posting unit is desired so that it may be 
used later as an analysis of current operating expense 
accounts and as permanent supporting detail of con- 
struction charges. The Burroughs Moon-Hopkins book- 
keeping machine is used. The posting unit slips come 
from the printer in continuous rolls and feed through 
the machine on a split platen. Entry is made on the 
unit slip (Fig. 2) from an invoice (Fig. 1) of the 
district or division number, the account number and 
invoice number. The date is automatic wherever it 
appears. 

In the case of construction charges the name of the 
vendor, a description of the charge and the amount of 
charge are entered; in the case of operating expense 
charges only a description of the charge and the amount 
is entered, and in all other cases the amount only is 
entered. One adding register accumulates the total 
charges for each unit slip, a second adding register 
accumulates the charges for all unit slips for the same 
invoice. The invoice number was entered in a fourth 
register merely to have it repeat automatically by sub- 
totaling. The carriage tabulates to the invoice register 
(Fig. 3) position and the name of the vendor is typed 
in, the proper account payable ledger sheet (Fig. 4) 
is selected and collated with the invoice register, the 
total keys are depressed causing the invoice numbers 
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to be printed along with the date. The whole procedure 
is repeated for each invoice. The unit slips then are 
torn apart and sorted by accounts. 

The next procedure is optional. Space will not be 
devoted to a discussion of the advantages and disad- 
vantages of first distributing charges to secondary ac- 
counts and summarizing to produce primary accounts 
as opposed to “pre-listing” by primary accounts and 
then distributing to secondary accounts. It is sufficient 
to say that the company using this plan prefers to use 
the latter. The unit slips next are entered or “pre- 
listed” by primary or control accounts (Fig. 4) and 
then passed to the secondary ledgers. The control ac- 
counts (Fig. 5) are used as a posting media to the 
general ledger at the end of the month in addition to 
serving as a control of subsidiary ledgers. 


Machine Accounting as Applied to 
Cost Records* 


By G. F. MAcKENZIE 


—s most fertile field for machine bookkeeping in 

connection with general records lies in cost ac- 
counting. This is true because of the large number 
of entries necessary to cost analysis and there, if at 
all, indications point toward economy in the applica- 
tion of bookkeeping machines. 


PAYROLL DISTRIBUTION BY NON-LISTING MACHINE 
METHOD 


A cost accounting system has a decided effect on the 
manner in which other records are produced. The pay- 
roll department, stores department and accounts pay- 
able all may have to govern their procedure by the 
demands of the cost accounting department. A method 
of payroll distribution used to good advantage by one 
utility is presented here as it is considered to be rather 


unusual and has proved to be both workable and eco- 
nomical. 


Types of time tickets used are shown in Figs. 1 and 2. 
The tickets are divided into coupons by means of heavy 
black lines. Only one charge number may appear on 
each coupon, the capacity being five charges for the 
individual ticket and six charges for the crew ticket. 
Tickets are produced in the field in duplicate, (the 
form is “carbon ready”) the second copy being of light 
cardboard. The payroll department prices and extends 
both copies, retains the original for support of the 
payroll, and forwards the duplicate to the cost ac- 
counting department. The duplicates for each day are 
balanced, of course, with the daily total of the payroll. 

A posting reference is obtained by using the first 
workman’s number appearing on the time ticket in the 
case of crew tickets. If no workman numbers are used, 
the tickets may be numbered serially by days or months, 
provided that the same number appears on both the 
original and duplicate. The reference number is in- 
serted on each coupon. Tickets then are cut up into 
coupons and assorted by accounts, which provides an 
easy method of collecting charges to each account daily 
for the payroll distribution, and obviates the necessity 
of random posting in the distribution ledger. 

The distribution ledger may be posted by hand, by 
listing machine or by non-listing machine. One utility 
accumulated three separate items from these payroll 
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DISTRIBUTION LEDGER 


coupons, hours, units, and amounts. Units are a neces- 
sary factor in compiling the distribution of payments 
under a premium system. This distribution is accom- 
plished by non-listing machines (Comptometer and 
Burrough’s Calculator). It does not seem necessary 
to explain here the advantages of these machines as 
they are in more or less general use and are the fastest 
machine for straight addition when used by a trained 
operator. 


The use of the non-listing machine is the most direct 
method from start to finish, as totals only are entered 
in distribution ledgers. This means, then, that all the 
detail of the distribution ledger has been discarded and 
that some other method of reference must be used in 
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tracing back entries to time tickets. This is accom- 
plished by saving the coupons for a period of two 
months, after which time it has been discovered that 
practically no reference is necessary. At any rate, 
however, charges to any account may be substantiated 
by reference to the original time tickets. The deciding 
factor in this installation was that much more time 
and expense could be saved by using the non-listing 
machine than ever would be necessary to expend in 
referring to time tickets and coupons. 

It is possible that the claim might be made that, in 
discarding the distribution ledger, a necessary record 
has been destroyed. This point may warrant some con- 
sideration. The distribution ledger was absolutely 
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necessary in the hand-posted methods which have pre- 
vailed for so many years and because of this necessity 
it is quite possible that this record may have come to 
be regarded in the nature of a book of original entry, 
which it is not by any manner of means. 

Distribution ledgers contain generally only reference 
numbers and amounts and themselves in no way sub- 
stantiate propriety of charges to any accounts. With- 
out the original record to refer to, the books are prac- 
tically valueless. The chief use of these books is to 
arrive at a total for a certain period of time, and after 
that total has been obtained the books for the most 
part are worthless. By nature they are large and 
occupy valuable storage space where, once placed, they 
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remain undisturbed until someone has enough initia- 
tive to burn the paper and salvage the binders. By 
eliminating the detail in these ledgers, and saving 
only the totals, an economy is effected in the cost of 
stationery and the rental of storage space. 


There are few accountants today who do not accept 
totals produced by non-listing machines as readily as 
those produced by listing machines. The real proof 
of any total can lie alone in re-addition, for lists have 
been known to be in error, both from mechanical faults 
and from deliberate action on the part of bookkeepers. 

The machine actually used in the installation. re- 
ferred to is a twenty-bank comptometer which is split 
into three sections, all three items (hours, units and 
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amounts) being accumulated at one time. Fig. 3 shows 
a distribution ledger sheet for use with this plan. 
Amounts are accumulated daily and entered in the ap- 
propriate columns, totaled and balanced monthly by 
comptometer and the results journalized. 

The same principle of sorting and accumulating 
posting media may be applied to stores requisitions 
and cartage charges, provided that the requisition and 
cartage slips can be produced with one charge to each 
account. Figs. 4 and 5 illustrate posting media of this 
nature actually in use. 


OPERATING EXPENSES 


Every utility must keep a detailed account of operat- 
ing expenses which of themselves constitute a cost 
record as prescribed by regulatory commissions. There 
are a few utilities which do not require the amplifica- 
tion of these prescribed accounts for obtaining operat- 
ing information, the burden of the requirements in- 
creasing or decreasing according to management policy 
and other local conditions. In arriving at a satisfac- 
tory type of machine installation, all of these local 
conditions and demands must be considered. It always 
is a good plan, upon the installation of a new system 
of any kind, to survey the requirements thoroughly. 
Often it is discovered that a particular feature of the 
information produced, which may be expensive ard 
troublesome to obtain, no longer is necessary because 
of changes in operating methods. 

If strict supervision of these accounts is the policy, 
a detail of charges kept up-to-date continuously may 
be accomplished by using a machine of the writing 
type (Remington bookkeeping machine or Elliott Fish- 
er) by means of which written entires may be made 
to the sheets of the ledger. Occasionally it happens 
that supervision of labor charges and stores charges 
are all that may be required and, as this detail may 
be procured from the distribution ledgers, the operat- 
ing ledger may contain no written detail and may 
consist merely of reference numbers and amounts. In 
the latter case a listing machine of the type of the 
Burrough’s bookkeeping machine may be used. The 
latter machine also may be used in connection with a 
system which provides complete detail by use of the 
posting slip, the principle of which will be fully dis- 
cussed later. Fig. 6 illustrates an operating account 
sheet used for a detailed system on the Remington 
bookkeeping machine. All entries other than labor, 
stores and cartage are written on the sheets in detail. 
Cumulative balances of each account are carried, which 
helps to expedite the closing at the end of the month. 

Fig. 7 shows a sheet used with a listing machine, 
and contains no information other than reference, 
amount and balance. It is found to be expedient to 
create a new operating ledger each month so that dur- 
ing the current month the last month’s ledger may 
be used by the various departments without interrupt- 
ing the current posting. 


PosTING SLIPS 


An experiment in cost accounting recently has been 
made by one utility in connection with the use of what 
might be called the “posting slip,” for want of a bet- 
ter name. The underlying principle in this system is 
the elimination of all unnecessary writing of detailed 
information. When a record is produced in the field, 
of which a carbon copy can be made, it may be pos- 
sible to use this copy to good advantage in cost account- 
ing as a detailed support to a certain entry. The prin- 





ciple will be explained in connection with a method of 
accounting for small work-orders under an expendi- 
ture requisition, although it may be applied with cer- 
tain variations to many cost accounting ventures. 

Time tickets bearing charges to one work order only 
are produced in the field in duplicate, the original being 
used for payroll purposes and the duplicate sent to the 
cost accounting department. The same thing is true 
of stores requisitions. A control is established for each 
expenditure requisition of such nature, containing 
charges made through the voucher register and carry- 
ing no detail other than reference numbers and 
amounts. Posting slips are written up for all charges 
other than labor and stores, as explained in the de- 
scription of the application of the Moon Hopkins ma- 
chine to accounts payable. This means, then, that for 
every entry to the controlling account, a slip or a group 
of slips is produced which provides detailed informa- 
tion for the cost records. The slips are balanced, of 
course, with the entries appearing on the control. The 
slips then are filed in 5 x 8-in. steel drawer files behind 
envelopes on which appear the E.R. number, location 
number and work order number and on which is printed 
a form for the notation of costs. Figs. 8, 9, 10, and 11 
show the form mentioned. The total of all slips ap- 
pearing in this file must equal the total of the control 
at all times. 

Upon the completion of a work order, information 
is forwarded to the cost accounting department giving 
the physical story of the work performed. From this 
record it may readily be discovered whether or not 
all charges have come through to the particular work 
order and the financial story is ready to be closed. 
In closing a work order, the envelope and posting slips 
are taken from the file, and slips recapped on the front 
of the envelope in totals only, the totals transferred 
to the summary of closed work orders as shown in Fig. 
12, the slips placed inside the envelope, and the enve- 
lopes transferred to the closed file. The prompt closing 
of work orders aids in the review of the costs while 
they are fresh, and keeps the volume of working papers 
at a minimum. Upon the completion and closing of an 
expenditure requisition, an analysis of all charges to 
the requisition is obtained from the summary of closed 
work orders, and the totals of the closed summary may 
be transferred to the fixed capital accounts. This sys- 
tem is particularly valuable in connection with small 
extensions done under a blanket expenditure requisi- 
tion, an order being written for each extension. 


Only direct charges are posted to individual work 
orders, as only direct charges can be controlled by 
engineers and superintendents. Overhead expenses to 
each E.R. are accumulated during the life of the E.R. 
and apportioned over the various accounts appearing 
on the summary of completed work orders. 

Percentages of overhead costs are established for each 
E.R. so that the total cost of a work order may be 
obtained if necessary by adding to the direct cost the 
percentages of overhead. In accumulating the costs 
of completed work orders and in balancing to controls, 
non-listing machines may be used to advantage. This 
system may be used in the case of a work order which 
is to be closed to one fixed-capital account only or a 
work order to be closed to several fixed capital ac- 
counts or to the retirement reserve. As the work order 
detail shows copies of all original entries it is rarely 
necessary to refer to other documents during the 
process of analysis as is not always the case when 
book entries are made for cost accounting. Fig. 13 
is a graphic representation of the contact between 
expenditure requisitions and fixed capital records. 
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BALANCING Cost ACCOUNTS 


Cost accounts never are of such nature as to be con- 
sidered as being accounts of original entry. In every 
instance, they are controlled by accounts in which ap- 
pear at least the references to entries which later are 
spread over the cost accounts. A great many cost 
reports are of value only for a short time after they 
have been compiled and after a period of, say, one 
year, might be destroyed without seriously injuring the 
records of the company. There always is a question, 
then, as to the amount of time which should be spent 
in preparing these records. 

From time immemorial the accountant has held to 
the principal of a balance, so much so that many mem- 
bers of other professions have ridiculed his adherence 
to what they chose to term a “fetish.” There are few 
of us who have not spent an enormous amount of time 
hunting for a ten-cent mistake in some set of minor 
accounts which, when found, did not change the aspect 
of the case one iota. To the accountant, the balance 
is the one safeguard assuring correctness of entries, 
but under some conditions, we may find that appreciable 
ecenomy results from a system which permits in some 
degree a minor discrepancy to be accounted for in 
some way other than by hunting through voluminous 
records for its discovery. 

The modern banker has ceased to spend valuable 
hours of his staff when cash does not balance at the 
end of the day by a slight amount. (In some cases, 
the limit for a teller is $5.) After an honest effort 
on the part. of the teller to find the error, he is per- 
mitted to charge the amount to cash overs and shorts, 
and this procedure results in healthier, happier em- 
ployees with no appreciable loss to the employer. If 
the banker agrees that this is an economy where an 
actual cash loss might be involved, it stands to reason 
that the same principles applied to some accounting 
venture in which no cash value is involved might also 
be an economy. Cost accounts by their very nature 
are voluminous and their compilation demands the han- 
dling of large quantities of entries. If it is possible 
to devise a system capable of handling this large 
volume at a small expense, but having the possibility 
of showing an error at the end of a balancing period, 
the system should not be immediately condemned. 

One utility employs a system of this kind which has 
proven eminently successful over a year’s trial. The 
system deals with the cost accounting of sales orders 


for appliances and jobbing, and during the year 1929 
handled more than 12,000 orders, the total of which 
amounted to more than $500,000. The posting-slip 
method is used as already described in connection with 
expenditure requisition. Copies of labor tickets, copies 
of store-room orders, and copies of invoices are inserted 
in the files daily and orders are closed and transferred 
to the closed summary daily. Accumulation of cost of 
orders and all balancing is done by Comptometers. The 
12,000 orders were controlled through one account and 
the only attempted balancing was done at the close 
of each month’s business, when the remaining posting 
media in the open files were added up. In some cases 
as many as 2,000 orders remained in the open file at 
the end of the month. The December, 1929, balance 
showed a difference of $37.03 which was charged off as 
an addition to overhead expense. 


The purpose of this cost system is to provide costs 
for each sales order and later to provide the total cost 
for various groups of orders. If each sales order is 
surveyed before closing, large discrepancies do not oc- 
cur. Therefore, it is considered to be no violation of 
any accounting principle to utilize a system of this 
nature, permitting a very small percentage of error. 
The original distribution of labor and supplies from 
the field never can be 100 per cent accurate. There- 
fore, the percentage of error cited above can affect in 
no way the operating results obtained from the final 
cost reports, particularly when it is considered that 
overhead costs are distributed for the most part on 
purely hypothical bases. As closely as can be esti- 
mated, a saving of 25 per cent was effected by chang- 
ing to thie system from a method which necessitated 
the use of ledgers. 

It migh+ even be possible to arply this same prin- 
ciple to construction accounting in regai‘ to the case 
of the expenditure requisition alieady cited. The E.R. 
control contains a total of approved cliarges to the 
cxpenditure requisition which can be at all times sub- 
stantiated. Assuming that 12,000 work orders pass 
through one E.R. in the course of a yea: which re- 
sults in a discrepancy of $37 between the summary of 
closed work orders and the E.R. control, and that the 
discrepancy were distributed along with the overhead 
cost of the E.R., it is believed that the resulting figures 
to be transferred to fixed capital would be as satis- 
factory from any standpoint as if the detail had bal- 
anced exactly. 


Commercial Section Reports’ 


Introductory Statement 
By J. F. Orr, Chairman 


HE fifth annual mid-winter conference of the Com- 
mercial Section was held in Spokane, Feb. 13-14, 
1930. At this meeting were heard two committee re- 
ports from the power bureau, four reports from the 





1 Executive Committee: J. F. Orr, chairman; G. E. Sullivan, 
vice-chairman; R. M. Bleak, T. W. Fitch, J. D. Scott. 
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lighting bureau, four reports from the merchandising 
bureau, and also reports from the rural electrification 
committee, and promotional rates committee. This 
meeting was summarized in the March 1, 1930, issue 
of ELECTRICAL WEST. 

Some of these reports have been revised in accord- 
ance with the discussions developing at the meeting. 
They are published in final form in the following pages, 
and in addition is added a report of the wiring sales 
committee. 


















































LIGHTING BUREAU’ 
Sell More Lighting* 


By T. W. FitcH 


FT"HE electrical industry was developed originally 

for the purpose of providing a new and better 
medium of lighting. “Lighting,” therefore, was the 
“first-born” of the electrical industry. As developments 
came along, however, it soon became apparent that 
electricity used through motors for power purposes 
had a more far-reaching immediate field than did elec- 
tricity used for lighting purposes, and for years the 
sale of electrical energy as power for operating ma- 
chinery received the major, in fact almost the entire 
attention of the industry. Load for lighting was ac- 
cepted but was not sold. 

This condition of “selling” power load and “accept- 
ing” lighting load still exists to a large extent in many 
central stations, largely, I believe, for the reason that 
many of the executives have received their early train- 
ing during this period of concentration on power load. 
Power has been their main interest. 

What are the actual facts, however, regarding power 
load and lighting load and power revenue and lighting 
revenue? 

Thirty-five per cent of the kilowatt-hours sold by the 
central stations of the country are sold for lighting 
purposes and 65 per cent of the revenues of the power 
companies are derived from this lighting load. In other 
words the 35 per cent of the production which is sold 
as lighting returns 65 per cent of the total revenues. 
Lighting rates are higher than power rates. 

The possibilities of this lighting field have been but 
barely scratched on the surface. The growing appre- 
ciation of the value of better lighting in industry and 
of the operating economies possible by the use of illum- 
ination of the highest economic level, is charting the 
way to a stupendous field of revenue at present not 
being cultivated as it deserves to be. 


Good lighting and adequate illumination, however, 
do not sell themselves and it is only by continuous ham- 
mering by well trained men that the old habits of inade- 
quate illumination and the great mass of inertia of 
thought can be overcome. The old idea that lighting 
iS @ necessary evil, and can be taken care of as an 
afterthought, and that a little light is enough, is now 
being forced backwards into the dark ages where it 
belongs and the modern idea of light as a partner in 
production, as a raw material in industry, cutting costs 


by reducing the time element and spoilage is coming to 
the front. 


Unfortunately, this same resisting mass of inertia 
and the old habits and ideas of lighting are present to 
a measurable degree in our own electrical industry 
The industry itself is not thoroughly sold on the idea 
of proper illumination. Witness certain central station 
properties and buildings over the country. Whether 
this conditior is due to the alleged fact that “a prophet 
is not without honor except in his own country,” or to 
the other phrase about “shoe-makers’ children,” is a 
question. I am inclined to credit the former. 

The value of this lighting load on the average is 
about three times the cost and expense of obtaining it. 
This fact was brought out clearly in last year’s reports. 





2T. W. Fitch, Pacific Northwest Public Service Company, 
chairman. L. V. Ross, The Washington Water Power Com- 
pany, vice-chairman, 


* Report of Lighting Bureau chairman. 


A dividend return on an investment of even 100 per 
cent is considered quite satisfactory to most people. 

Central stations in the various parts of the country 
which have most successfully operated lighting service 
departments are constantly enlarging the scope of these 
departments. They have seen and have proved to them- 
selves that lighting service departments are good in- 
vestments. 

In conclusion—The “first-born” of the industry 
(lighting), who for so long was neglected and ignored 
is back again with the rest of the happy family (power, 
merchandising, etc.) and is doing very handsomely by 
the old folks who failed to appreciate him in his youth. 


Commercial and Industrial 
Lighting* 


HAT have we here in the Northwest accomplished 

in commercial and industrial lighting along the 
lines as laid down in our last year’s report? It was 
the opinion of the committee at that time that con- 
certed action should be taken to create a better under- 
standing among the builders of new commercial and 
industrial buildings, and to stimulate the interest of 
architects and electrical contractors in better lighting; 
also, to extend the central station activities in the 
smaller towns served and to have at least one expe- 
rienced lighting salesman for each town of 20,000 
population. 

We realize that it takes some time to get down to 
real business in any big undertaking, especially when 
there is a great deal of educational and pioneering 
work to be done. We believe it is better to go slowly 
at the start, feeling our way until we have well-defined 
plans to work on and a goal to work to. We believe 
we are at that point now and that the officials of our 
companies do realize the value of the commercial and 
industrial lighting business more today than ever 
before. 


This has been an exceptional year in the way of 
stimulating a “light consciousness” in the minds of the 
public throughout the nation. Light’s Golden Jubilee 
was one of the outstanding factors during the past 
vear. It was instrumental in developing in the minds 
of the general public the desire for better lighting, not 
only in our factories and commercial establishments, 
but in the office and in the home. 


Those of us who are directly in contact with lighting 
phases of the electrical industry are of the common 
opinion that this change of light consciousness in the 
past year is quite noticeable in the minds of the elec- 
trical users. Where a few years ago the managers of 
large industrial plants and commercial concerns were 
somewhat indifferent when approached on the subject 
of better lighting, today the majority are interested 
and are willing to listen to our story. It is an oppor- 
tune time for the electrical industry to capitalize on 
the propaganda that has been going on the past year. 





* Report of commercial and industrial lighting committee. 
Lynn D. Johnson, Pacific Northwest Public Service Com- 
pany, chairman, 
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CO-OPERATION WITH ARCHITECTS 


The committee’s report for last year covered in gen- 
eral the entire field for lighting development in a very 
thorough manner. There has seemingly been a great 
deal of activity throughout the various sections along 
the lines referred to by our committee. The Com- 
mercial National Section has recently prepared specifi- 
cation paragraphs for better lighting standards in 
commercial and industrial buildings. These are recom- 
mended to the architectural professions as a model to 
aid in making plans for electrical installations. The 
~najority of the architects will appreciate this co- 
operation. 

There have been many attempts in the past to 
co-operate with the architects, but in most cases, for 
one reason or another, this contact has not been suc- 
cessful. The faults may be summed up in three major 
yeasons: first, the profession as a whole has a reputa- 
tion of being sufficient unto itself, resenting any effort 
that in any way might resemble a criticism of prac- 
tice; second, the opportunities to be found in work of 
this kind had not been realized; third, the type of 
service offered the architect frequently has not been 
to his liking nor has it filled the definite need existing 
in the majority of such cases. 

Lighting service departments of the utility companies 
should be broad enough in their scope, and equipped 
with competent men capable of giving the service neces- 
sary to fill all requirements of the architects. These 
departments should be organized not only to check the 
plans and° specifications prepared by the architects 
relative to the light outlets, wattages, type of fixtures, 
etc., but also to draw up wiring plans and write a set 
of specifications complete in every detail as to the size 
of wire throughout, number of branch circuits for 
present and future use on the panel board, size of feed- 
ers, conduits, switches for entrance service, and distri- 
bution cabinets. Where the wiring is left to the con- 
tractor, the minimum demanded by the electrical code 
is generally the result. 


This service may be covering a great deal of ground 
to be furnished by the light and power companies free 
of charge, but their engineers are the only logical ones 
to give this service at the present, except in a few of 
the larger cities where independent consulting engi- 
neers are available. We believe we are now on the 
right track, and a great deal of good is to be accom- 
plished through the proper contacts with the architects. 


REPORT OF I.E.S. 


To illustrate better the more universal attitude of the 
architects toward the electrical industry, we quote here 
from a report compiled by Leroy E. Kern, secretary 
of the structural service department, American Insti- 
tute of Architects, given at a recent meeting of the 
Illuminating Engineering Society. This report is in 
response to a letter sent out by this organization to 
the representatives of each structural service depart- 
ment in eack of the 60 geographic chapters in the In- 
stitute. The opinions of these 60 men may be assumed 
to be fairly accurate in representing the attitude of the 
profession at large on this subject. 

The letter referred to follows. It plainly shows 
what efforts are being made by the architects to co- 
operate with the electrical industry. (Letter taken 
from January issue of Transactions, I.E.S.) 


During the past year the Structural Service Department 
has had a number of meetings with the Illuminating Engi- 
neering Society and with various branches of the illuminat- 
ing industry in an endeavor to make illuminating engineering 
service available to the architectural profession. 
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Strictly professional illuminating engineering service is not 
generally available today since practically all illuminating 
engineers are connected with some of the various branches 
of the electrical industry. 

After careful consideration of and consultation with the 
various elements of the illuminating industry, it appears that 
the electrical engineers connected with the central stations 
were in the best position to render a disinterested and au- 
thoritative professional service. 

“Arrangements are therefore being made whereby a certain 
number of these engineers in each locality will be given an 
intensive training in the fundamentals of illumination and of 
architectural design, and through the central stations the 


counsel and advice of these engineers will be made available 
to the architectural profession in connection with problems 
involving the use of artificial light. As representatives of 
the Structural Service Departments, we should appreciate 


your comments and suggestions. 


Assuming that they represent a cross-section of the 
industry, the replies will serve to illustrate what the 
architects’ attitude on this proposition would be. 

About 65 per cent endorsed the plan as outlined in 
the letter. 

About 20 per cent were interested and at least were 
not opposed to the plan. 

Ten per cent were opposed or seriously questioned 
the wisdom of the plan. 

Five per cent were interested and are not in a posi- 
tion to express an opinion. 


INDIVIDUAL COMPANY ACTIVITIES 


The Pacific Power & Light Company has developed 
a very close working contact with the architects and 
builders in its territory. As an aid to this development, 
the names of the architects and builders have been 
placed on a mailing list for such magazines as Light. 
revenue, Lighting Fixtures and Lighting. The subscrip- 
tions have been paid many times over through the co- 
operation received. This may be a means of developing 
a light consciousness in the architectural profession. 
We believe other utilities could profit by a similar 
plan. The company has also used the Franklin Speci- 
fications and letters to good advantage with gratifying 
results. 

The other sections of the Northwest are continuing 
their good work in the betterment of lighting in the 
commercial and industrial field. The Puget Sound 
Power & Light Company is now launching a very ex- 
tensive commercial lighting campaign. 

In Portland, there are no well-defined plans for co- 
operating with the architects, although satisfactory 
contacts have been made with a number of them. The 
main effort in the industrial field has been the relighi- 
ing of the old plants, bringing them up to the proper 
standard. Close touch is maintained with all industrial 
and larger commercial customers and lighting men are 
generally called in to assist them in their lighting 
problems on any alterations or new additions to their 
plants. Good response to the Franklin letters sent out 
in connection with other follow-up letters furnished by 
a manufacturer of lighting equipment has been received. 

There was organized in Portland during the past 
year an Electric Club, which is drawing all branches of 
the electrical industry together and is developing a 
closer contact throughout the entire field. Through 
the club’s co-operation with other organizations of the 
city, Light’s Golden Jubilee and the Outdoor Christmas 
Tree Lighting Campaign, were carried through in a 
satisfactory manner. 

The selecting of lighting fixtures for industrial and 
commercial use has become quite a problem to store and 
factory officials. The many manufacturers, with their 
highly developed luminaries and reflectors, create more 
of a problem in selecting fixtures than the ordinary 
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layman cares to undertake by himself, when hundreds 
of thousands of dollars are involved. The utility’s il- 
luminating engineers are often called in to help on 


such problems. To simplify these matters, there has 
been developed by F. H. Murphy, chief illuminating 
engineer of the Pacific Northwest Public Service Com- 
pany, a grading card whereby each fixture is put 
through an efficiency test. This card, when completed 
by the illuminating engineer with the assistance of the 
officials in charge of the lighting installation under 
consideration, shows the efficiency of such units. Each 
factor entering into this test, such as glare, light dis- 
tribution, illumination efficiency, shadows, maintenance, 
fixture cosi, and appearance is given a percentage 
rating, according to its value in illumination. On ac- 
count of the effective work of the illumination depart- 
ment along with the results of these tests, certain 
schools have changed from direct lighting units to 
semi-indirect with the result that 11.4 kw., 12.5 kw. and 
50.8 kw. have been added to their original lighting 
loads. 


LOAD AND REVENUE DATA 


Some interesting data as to the ratio of light to 
power have been prepared by H. E. Cook, of Detroit, 
Mich. Taking 20 different sized industrial plants at 
random, the ratios run: 


Per Cent 
Ratio of power to connected load... eee 68.5 
EDD ERE Os I a ancien 31.5 
Ratio of power demand to total demand................. Secsciamale 61.0 
Ratio of light demand to total demand.............................. 39.0 
Ratio of power demand to power connected load.............. 48.7 
Ratio of light demand to light connected load....... iis 65.8 
Ratio of power kw.-hr. to total kw.-hr.......-...00000-0-00......-. 64.3 
Ratio of light kw.-hr. to total kw.-hr.....002..20002..-22o ee 35.7 
Ratio of power revenue to total revenue..............--.00.......-... 63.0 
Ratio of light revenue to total revenue.........200..-0000 wo. 37.0 


From the foregoing we see that light loads are de- 
sirable revenue producers. 

Light demands compared to light connected loads 
produce a higher ratio than power demands compared 
to power connected loads. 

We have much to console us in this question of power 
vs. light. Power tends to be stable once a plant is 
completely equipped with electrically operated ma- 
chinery. Expansion then depends upon the develop- 
ment of new power applications and the natural 
growth of the plant capacity. Light, as we well know, 
is still due for a steady increase in application. The 
end is not yet in sight. Now, where we are applying 
8 to 20 foot-candles, in different branches of lighting, 
lr. Luckiesh recently predicted that we would soon be 
talking in hundreds and even thousands of foot-candles. 

In comparing two printing plants in Portland, where 
the connected power load of each happens to be 67.5 kw. 
with a power demand of 40 and 37.5 kw., respectively, 
tie connected light load of the first is 32.5 kw. with a 
15 kw. light demand, and of the other is 6.8 kw. with 
a demand of 4.0 kw. The first has a yearly power 
revenue of $1,240, and a lighting revenue of $816, while 
the other has a power revenue of $701 and a lighting 
revenue of $329. What we want to bring out here is 
the comparison of lighting revenue of $816 against 
$329. The first was relighted about two years ago, the 
other is now being changed. 


Another case, the Columbia Knitting Mills, where 
the light and power connected load are now practically 
the same, or 22.5 kw., the lighting revenue is $887 an- 
nually and the power is $600. 





NEW DIVISION OF COMMITTEES SUGGESTED 


Now that the Lighting Bureau is beginning to dem- 
onstrate that it is a valuable asset to utility companies 
and is destined to become one of the most important de- 
partments of the Commercial Section, special effort 
should be exerted for the proper development of these 
activities. 

As the home lighting and advertising committees 
have their own committee heads so should the com- 
mercial and industrial committees be separated. This 
would have a broadening effect with the result that 
more definite plans upon which to proceed can be con- 
sidered. The general activities of these different de- 
partments are of course similar, but definite workable 
plans for the one may not be at all practicable for the 
other. The industrial lighting activities call for a 
greater difference in their set-up than do the activities 
in these other departments; therefore, an industrial 
committee head is imperative for the best results. 

Any particular plan of activity to reach the desired 
results may not be so important, but there should be a 
set goal and well defined plans on which to work. 


Street and Highway Lighting* 


Rewer purpose of this report is to summarize the three 

previous reports and to suggest a definite form of 
procedure to accomplish the objective of the three pre- 
vious reports. This objective is increased thoroughfare 
lighting and resultant contracts to supply electrical 
energy, but further, when we are working for increased 
illumination and better street lighting systems, we are 
working hand in glove with forces of progress. We 
should throw off the old restraining force of political 
fear and go out in a convincing and decisive manner 
to get more street illumination. We should no longer 
ne held back in our activity by the crippling thought 
that the public will think that all we want to do is to 
increase our revenue. For that, of course, power com- 
panies are in business. That is what is being done 
every time an appliance sale is made, but we know that 
every time we equip a home with electric appliances we 
are not only adding to our revenue, but we are making 
life more livable in that home. For every dollar of 
vevenue obtained we are adding to that home, and we 
must know, and be certain that every time we increase 
street illumination we are giving value for every dollar 
expended for it. 


LAst THREE REPORTS SUMMARIZED 


Every power company man should be a working 
agent to promote safety and convenience to the users 
of street and highways, to enhance the value and in- 
crease the attractiveness of the streets and cities by 
providing sufficient light to give adequate visibility. 

The first and second reports of this committee were 
concerned with: 


1. Desirability of the street lighting load. 
2. Its development and financial aspects. 


The third report dealt with general recommendations 
tor securing the street lighting load. It made general 
classifications by designating: 





* Report of the street and highway lighting committee. G. 
L. Corey, Pacific Power & Light Company, chairman, 
General Electric Company: G, N. Barker. 

Idaho Power Company: J. W. Crow. 

Westinghouse Electric & Manufacturing Company: 


G. N. 
Boyd. 
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1. The customer or purchaser. 

2. The article offered. 

3. The salesman. 

4. Financing. Under financing the committee at- 
tempted to define the selling expense or cost of de- 
veloping and securing the business. 

5. Sales plan. 


In these three preceding reports we have the essen- 
tials of a foundation on which may be erected the sales 
structure or organization for actually producing the 
lighting contracts. The contract is the culmination of 
the suggested effort and plans in the three preceding 
reports. It now remains only to formulate a definite 
working plan and to form a practical functioning or- 
ganization through which the central station company 
may actually realize its ultimate object. The thing 
we must do now is actually connect to our power lines 
actual strect and highway lighting systems. The ques- 
tion is, how may this be done? 

In the third and last report of the group was out- 
lined a sales plan which, though somewhat indefinite, is 
still a plan. The general conclusions drawn were: 

1. That the idea to be sold is the benefit of street 
lighting. 

2. That the central station should sell itself the idea 
and then organize for an effective merchandising of 
street light'ng benefits. 

3. That the commodity itself must be sold to the 
property owrer who is the ultimate customer. 

We must then realize that street lighting is a sale- 
able commodity, that public interest requires street 
illumination of greater intensity than present stand- 
ards, and that the central stations must organize for 
effective merchandising of street lighting by making 
the commercial department responsible, by building up 
a lighting service division, by selling the advantages of 
the street lighting load and by thoroughly surveying 
the possibilities for street lighting development. These 
are still generalities and most of them are truisms. 
This committee has asked itself this question: 

“Jf I were the sales manager of a central station 
company, just how would I apply the general ideas 
and principles set down in the three previous reports? 
Just what must I do in order to get contracts for fur- 
nishing energy to be used in lighting the streets in my 
city or the hghways in my state?” This of course is 
a question which can only be answered in detail by 
each individual who is responsible for merchandising 
tne energy generated by the company which he repre- 
sents. It is obvious, however, that a concrete plan of 
action which might be suitable fur a large central 
station organization operating in the larger cities might 
not be applicable to a smaller city organization. We, 
therefore suggest different plans for these two different 
classes. A suggested form of organization is as follows. 


LARUE CENTRAL STATION COMPANIES 


There is literally no essential difference between the 
merchandising of an intangible commodity like elec- 
trical energy and transportation service and the mer- 
chandising of concrete and material cbjects which may 
be seen and touched. The latter are merchandised by 
the commercial sales departments of central station 
companies very successfully, and rather elaborate or- 
ganizations arc formed to handle the distribution. It is 
logical to conclude, that similar methods would be 
equally succcssful in selling the intangible commodities. 
Therefore, the first step is to place the responsibility 
for the selling of street lighting definitely on the com- 
mercial department. 

It is also obvious that, following the same line of 


procedure in the merchandising of other commodities, 
some one in the commercial department must be re- 
sponsible for the sale of the commodity which is being 
handled. Current consuming devices are sold usually 
under the direction of a merchandise sales manager. 
Therefore, there could be appointed a2 street and high- 
way lighting sales manager, an individual who is or 
may become familiar with standard illumination prac- 
tice. He might well work with the illuminating engi- 
neer, emplcyed by most large central station com- 
panies at the present time. 

The street lighting sales manager should be charged 
with the responsibility, first of familiarizing himself 
and assistants with general street lighting plans and 
principles of design. These need not be of a highly 
technical nature, but there should always be available 
a technical advisor, perhaps the central station com- 
pany’s illuminating engineer. 

The duties of the street lighting sales manager should 
be io survey the territory under his direction for poten- 
tial street lighting business and follow all rumors of 
interest in any particular community ‘na improved light- 
ing; to develop by various means an interest in im- 
proved lighting where such an interest does not exist; 
to assist improvement associations and community clubs 
in the preparation and circulation of petitions to the 
city council where desirable or necessary; to assist in 
the organization of improvement associations and keep 
in touch with such associations after they are formed; 
1» enlist the interest of the companies’ legal depart- 
ments in charter amendments where city charters do 
not permit street lighting as public improvement, and to 
work with city engineers, assisting them in the prepara- 
tion of plans and specifications. He should be an indi- 
vidual of sufficient resourcefulness and with a sufficient 
degree of independence of thought to be able to develop 
“he potentiai street lighting business in exactly the 
same manner as the head of a particular department 
-1 a department store or the proprietor of a specialty 
husiness, develops his field. We believe that such a 
department should be designated as the street and 
nighway lighting department, for the reason that po- 
tentialities of highway lighting over-shadow street 
lighting as will be pointed out later. 


SMALL CENTRAL STATIONS AND DISTRICT OFFICES OF 
HoLDING COMPANY 


The same general plan as outlined for large central 
stations may be applied in modified form in district 
offices of holding companies and small central stations. 
The responsibility, however, should be placed with the 
district or field representative rather than to appoint 
a street and highway lighting sales manager. The dis- 
srict or field representative is usually a person of 
enough imyortance in his community that his opinion 
is sought on illumination problems. He should, there- 
tore, follow the same general outline of procedure 
recommended above for the street and highway lighting 
sales manager in the larger central station organi- 
zations. 

We have referred above to a specialist in the street 
and highway lighting sales department to handle high- 
way and pubiic area floodlighting. In further explana- 
tion of this point we would like to point out the inti- 
mate relaticn between public area floodlighting and 
nighway lighting. We believe that floodlighting as ap- 
vlied to the lighting of public areas such as park3, 
amusement grounds, public memorials and similar ap- 
plications is a part of the general street and highway 
iighting scheme, rather than a part of the general out- 
door and advertising floodlighting scheme, and we 
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recommend that such public area lighting be included 
as a part of the activities of the street and highway 
lighting division of the commercial sales department 
of central stations. 

It is recommended that a complete survey be made 
by the streei and highway lighting department to deter- 
mine where increased lighting is required and where 
old systems may be rehabilitated to provide improve- 
ment in illu:aination, and where lighting may be used 
to advantage, but is not at present installed. This 
survey may be used as a guide to the sales activities 
of the department. 


SUGGESTED STREET LIGHTING MANUAL 


City councils and citizens unconsciously look to the 
power company man for advice and leadership in all 
things electrical. He should be a leader in the better 
application of things electrical, and too often he is not 
able to give intelligent advice on matters pertaining to 
street lighting. To enable him to give this advice and 
to promote his leadership in the community, a brief 
elementary manual of street and public area lighting 
will be furn‘shed covering the following ideas: 

(a) Whether the system should be multiple or series. 

(b) The necessary pieces of equipment to go into a 
street lighting system. 

(c) The approximate height of the standards, or 
ighting uniis for the different applications. 

(d) The approximate spacings and arrangement of 
standards. 

(e) The size of lamps. 

(f) Type of refractor distribution to be used, if any. 

Enough information should be in this elementary 
menual to enable the local power company man to 
enter intelligently into the discussion with customers, 
helping to formulate basic ideas for the large number 
ef cases as to what form of good street lighting would 
meet the needs of the towns his company serves. 

The District Should Be Zoned.—The towns and cities 
should be classified by population, market importance 
and their pesition on the tourist thoroughfares. 

Populaticz.—It is evident that towns and cities will 
differ in their needs as to lighting by the number of 
their inhabitants. 

Market imporiance.—The number of people which 
couid be induced to come into the city in the evenings, 
for show window shopping, for amusement or to bring 
their produce in for sale, will materially affect the 
highway lighting to the city and the lighting of cer- 
tain streets within the city. 

Cities Should Be Zoned.—Streets should be classi- 
fied according to their use and importance and the 
mmprersion which could be made. Streets with the 
greatest amvuunt of use should have the largest amount 
of illumination. Streets which are used most should 
liave the form of lighting which is more or less orna- 
mental. 

Every time a power company man takes a look at 
the cities served by his company, he should ask himself 
these questions: 

(a) Has this city a sufficient general illumination? 

(b) What streets should have some form of white- 
way or ornamental lighting? 

(c) Has the principal street used by the passer- 
through, a form and quantity of lighting which would 
leave a good impression as to progress and activity? 

Costs—Probably the first question which would be 
asked a power company man by those approached or 
interested in more lighting is, “What will it cost?” 
The principal element entering into this is the rate. 





RATE Study URGED 


A survey of the street lighting rates in this territory 
reveals that they differ so materially that it seems 
important enough for us to suggest that the 
power companies would do well to enter into a fresh 
study of street lighting rates. It has been found that 
the city authorities are gathering data over the entire 
territory, making comparison with their local rates and 
in same cases it is resulting to the disadvantage of the 
local power company in loss of business and is encoun- 
aging the municipal ownership idea. 

This study, we dare to suggest, should be undertaken 
with the foliowing guiding principles: 

(a) The actual capital invested in material which 
is used for street lighting purposes only. 

(b) The capital invested in generating equipment 
which in most cases would have to be invested whether 
there were street lights or not. This property should 
not be weighed in too heavily. 

(c) The added business a power company enjoys 
each time more light is installed on the streets in the 
form of increased commercial lighting and the bring- 
ing of new residents into the city. 

(dd) The advertising value. We spend much money 
advertising cur business. We urge our customers to 
do so. The power company’s place of business is the 
city and cannot we rightly charge to our advertising 
budget a certain amount of rate charge on street light- 
ing, if by so increasing street lighting we advertise 
more pointedly our place of business, the city? 

(e) Discouragement of part time circuits by adjust- 
ing rates so that all-night burning of street lights will 
be more advantageous. 

The organization manual of the National Electric 
Light Associatior. recommends that the activities of 
the street and highway lighting committce of this asso- 
ciation should be to survey street lighting practices, 
both equipment installation and selling methods, as a 
guide to utilities in promoting this class of business; 
to study highway lighting and develop plans for: ad- 
vancing street lighting in rural fields; to develop flood 
lighting practices as an adjunct to street lighting and 
to encourage in every way the better illumination of 
public areas This recommendation from the parent 
association gives point to and emphasizes the recommen- 
dations in this report. 


AIRPORT LIGHTING 


An elementary manual should also be prepared, fol- 
lowing the suggestion of the U. S. government, as to 
what pieces cf equipment should be employed in light- 
ing certain types of landing fields. This manual should 
contain again enough data to enable one to figure out 
the approximate connected kilowatt load. 


LIGHTING FOR ATHLETIC PURPOSES 


Stadiums, Tennis Courts, Baseball Fields, Golf Driv- 
ing Practice Fairways, Race Courses—The demand of 
the public to participate in or view cifferent forms of 
athletics anc their inability to take business hours for 
these purposes is again bringing to our attention the 
fact that the day may advantageously extend into the 
mght. 


OUTDOOR FLOODLIGHTING 
(a) For commercial purposes where work is being 
done. 
(b) For advertising purposes on buildings. 
(c) For aesthetic and educational purposes, monu- 


ments and public buildings. Color lighting, both mobile 
and static. 
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HIGHWAY LIGHTING 

Last year’s report recommended: 

(a) That a campaign be launched to develop high- 
way lighting. 

(6) That a bill be prepared and introduced, author- 
izing state and county boards to plan, install and oper- 
ate lighting systems for the public benefit on public 
highways and to provide funds for same. 

This committee wishes to emphasize these recommen- 
dations and to make its own recommendation that this 
9ssociation immediately appoint a committee to carry 
out the recommendations in last year’s report as noted 
anove, and that such a committee be instructed to lay 
out 2 definite campaign and to prepare a bill or bills 
to conform to the legal requirements in each state 
covered by this association to be presented to legisla- 
tive bodies of the respective states, authorizing the 
planning, installation, maintaining and operating of 
nighway lighting systems and providing funds there- 
fore. Such legislation has been proposed and bill pre- 
sented in New York, New Jersey, Ohio, Georgia and 
Illinois and possibly in some other states of which we 
have no record. The state of Illinois, however, is the 
only state which has actually passed a law of this 
nature. 

Such legislation is of the utmost importance as it 
will not only open an entirely new field for the central 
station companies, but will have a very decided effect 
on rural electrification, the two being very intimately 
related and one depending largely on the other. The 
value and in-fact the necessity for such legislation may 
be visualized when we realize that up to the present 
time efficient lighting has been installed on only 600 
or 700 miles out of approximately four million miles 
of kaghway. Sucl. a small fraction is difficult to visual- 
ize. The lag in the development of this source of reve- 
nue and the extension of this public benefit is due .o 
‘ack of funds for installation and maintenance of high- 
way lighting systems and lack of machinery for pro- 
viding such funds. 

A substaatial and consistent development of this 
field can only be made by use of public funds. Here 
is a public function which deserves close attention. If 
ever a universally distributed tax were justified, it is 
here. Not mere convenience, but traffic control and 
safety are involved, touching the interests of every 
man, womai and child in every community. Efficient 
illumination will practically double the motor mile 
capacity of the highways. This committee believes 
that this association should in no uncertain terms com- 
mit itself to a definite program of promotional activity 
in the interests of illuminated highways. 

We believe that the best and most ‘mmediate results 
may be secured in the appointment of the committee 
hereinbefore referred to. 

There are installed in our territory many hundreds 
of miles of pole lines, on which the added revenue cf 
a 250-watt load every 300 or 400 ft. would be a very 
satisfactory addition. Moreover, there are many sec- 
tions into which lines could be built at little cost to the 
domestic consumer if a load in the form of a highway 
lighting load couid be secured. 

The Detroit Edison Company has built up a highway 
lighting load along 400 miles of its rural lines. In a 
letter recently received the company states that it will 
build a rural line for $1,000 per mile less a credit of 
$100 for every customer. However, if the township wil 
install a highway lighting unit (and the company seeks 
to get this unit equipped with a 600 candle-power lamp 
if possible, but will accept a smaller lamp), every 300 
to 350 ft., it will install this line entirely at the com- 
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pany’s expense. This amounts to 15 to 17 lamps per 
mile for which, in the 600 candle-power size, the revenue 
is $48 per year. 

The Detroit Edison Company’s observation has been 
that when the rural customer realizes he can get his 
jine built free in this manner he brings influence te 
bear upon the township’s board to enter into an agree- 
ment to secure these highway units. 

It seems to us that if we had some kind of legisla- 
tior which would enable the state legally to set aside 
money for the maintenance of highway lighting units, 
cr would enable rural communities to form rural im- 
provement districts, or would enable cities to set aside 
money to maintain said lamps along important high- 
‘vays, or farm-to-market roads, a double service would 
be rendered—the lighting of the highways for conven- 
ience purposes and the enabling of rural sections to 
have electric service at no investment cost to the cus- 
tomer in some cases and at a reduced cost in other 
eases. It would appear to us that with the increased 
interest in the farm-to-market road idea and with the 
desire on the part of many cities to increase marketinz 
and trading in their centers, they would lend themselves 
readily to 2 means by which such purposes would be 
accomplished. How attractive the two could be made 
if the roads were so lighted that farmers might get 
their produce to the cities by means of comfortably 
lighted roaaways—and how much more willing they 
would be to go into the cities at night for their amuse- 
ment. It should also be remembered by the merchants 
that tonight’s window shopper is a potential purchaser 
for tomorrow. 


Electrical Advertising* 


T SEEMS that the task assigned the advertising 

committee is: “To compile data of informative 
nature with respect to the use of electricity for ad- 
vertising, to note the field available, and from a study 
of these findings formulate plans that could be used 
to secure this business.” 

Electrical advertising needs no introduction to those 
associated with this territory, but it certainly must 
be introduced to the average business man by an ex- 
tensive educational program that will convince him 
conclusively that it is a profitable advertising medium. 
The importance of our job is not so much to sell our 
customers a sign, window lighting unit, or flood light- 
ing unit, as it is to sell him on the value to his busi- 
ness of this electrical service. 

The Society for Electrical Development recently 
issued a pamphlet called “A Plan to Sell Electrical 
Advertising.” Even a hurried glance through this book- 
let convinces one that it is highly desirable for the 
utility and sign manufacturer to develop this adver- 
tising load. A closer observation of it reveals many 
almost startling, as well as interesting possibilities. 

Among things of interest we find that the potential 
annual gross revenue of this load is equal to the popu- 
lation of your town multiplied by $1.50; that it costs 
but 7% cents for every $1.00 of gross revenue to 
develop this business, and that this revenue is accumu- 
lative; and that the reason the power companies have 


* Report of the electrical advertising committee. H. C. Mc- 
Daniels, Pacific Power & Light Company, chairman. 
Electrical Products Corporation: Bruce McGregor. 
Northwestern Electric Company: Fred Zaugg. 

Puget Sound Power & Light Company: W. A. Gardner. 

The Washington Water Power Company: L. V. Ross. 
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made no effort to take this 120 million dollar adver- 
tising market off their laps is because they have been 
experiencing growing pains and it has taken all of 
their concentrated efforts to develop a financial struc- 
ture and to maintain plant and equiment so existing 
business could be served properly. We have now 
reached a point, however, where natural growth no 
longer satisfies; it is time to sell. 


THE ELEcTRIC SIGN 


Formerly the electric sign was a by-product of most 
sign painters and certainly not, in most cases, a thing 
of beauty in itself. The use of the Neon gas tube for 
the electric sign has brought about a very marked 
change in the trend of sign manufacturing. The Neon 
tube has not, as many thought it would, spelled death 
to the incandescent sign. Quite the contrary is true. 
Just as household mechanical refrigeration has in- 
creased the sale of artificial ice, so has Neon increased 
the sale of incandescent lamps and signs. Many who 
feel their business justifies a sign, yet not to the extent 
that they are able to buy the Neon signs, have one made 
for them using incandescent lamps. Also, in a large 
percentage of Neon signs it has been found necessary 
to employ a combination of the two types of lighting 
to bring out the individuality of the advertiser, and 
beautify the design. When a combination is neces- 
sitated, higher wattage lamps are essential to compete 
with the brilliancy of the Neon tubing and again 
the lamp manufacturer and utility realize a greater 
revenue. 


The increasing necessity and demand for the com- 
bination type of sign is doing much to relieve the poor 
power factor situation of the straight Neon sign that 
utilities at first feared. Another factor that offsets the 
poor power factor condition is the continuous burning 
period that is recommended for the Neon sign. Though 
the Neon sign may have a power factor of less than 
50 per cent it is certainly more than compensated for 
by the 24 hour burning period. Also, when taken into 
consideration with the balance of the incandescent lamp 
load of the business establishment it advertises, it 
should offer no alarming problem with respect to sys- 
tem load factor. 


ADVERTISING VALUE OF THE ILLUMINATED SIGN 


Sign advertising is of the greatest potential value 
as it definitely establishes itself and its location as a 
land mark. Originality of design is one thing most 
cherished by the advertiser. The examples of where 
certain trade marks or copies have been adopted by the 
advertiser, and the enormous values they placed in 
these, is commonly known. This is shown especially 
by the eagerness of most advertisers to provide the best 
mediums possible in displaying them. 


REVENUE VALUE OF THE SIGN LIGHTING LOAD 


Inasmuch as the sign load burns more on the off- 
peak period than otherwise it is an especially desirable 
load. Its load factor is high and the long burning hours 
make the sign the highest revenue producer per kw. of 
demand of any load on our lines. To keep this revenue 
at a maximum, maintenance service is highly desirable 
and figures from the four corners of these United 

States can be obtained to prove the justification of 
such a service. Most utilities have maintenance clauses 
in their tariffs and are finding them highly profitable, 
not from the maintenance standpoint, but from 
revenues that accrue from the filled sockets. 

Neon signs are usually maintained by the manufac- 
turer. Because of their brilliancy, and the fact that 


perhaps the entire sign will go out at once, little rev- 
enue loss is experienced due to outage. The customer 
notices at once when his sign is not burning and makes 
haste to report it, as he realizes he is suffering an ad- 
vertising loss all the time the sign is not burning. 


POTENTIAL MARKET 


There are some 16,000 signs in the State of Oregon 
using Neon lighting in some manner. Even if this 
figure were multiplied by 10 the saturation point is far 
from being reached. In Seattle, there are approxi- 
mately 15,000 signs in use at the present time of which 
60 per cent are Neon alone, and the remaining 40 per 
cent combination Neon and Mazda. This figure of 
15,000 represents a saturation of the sign market of 
11 per cent. The degree of saturation will vary in dif- 
ferent localities. In some cities we find a well organ- 
ized manufacturer going out after the business in a 
manner creditable to any enterprise, while in other 
cities the sign selling activity will be at its lowest ebb. 
To say that a saturation point will be reached within a 
certain time is almost without reason. Great changes 
have taken place in the business world in the past few 
years and with competition becoming keener as each 
day passes, the necessity of advertising is becoming 
more and more elaborate, so the sign purchaser of today 
is a prospect for another sign a few years hence. When 
viewed in this light, it is doubtful if the field will ever 
become saturated to the extent that sign manufactur- 
ing will cease to operate. 


This year will be one of the highest years in the his- 
tory of sign manufacturing and selling. Much research 
effort will be devoted to perfecting new colors in Neon 
and in making traveling or flashing Neon a real suc- 
cess. Sheet metal work will continue to improve along 
artistic lines and many beautiful and outstanding signs 
will result. 


DEVELOPING A SELLING PLAN 


As many different plans are available as there are 
utilities, and these are all on record. The sign busi- 
ness is highly specialized, and unless the utility can 
afford to have a sign specialist, they cannot be of any 
outstanding value to the manufacturer in the selling of 
signs. 

Perhaps the best we can do in the Northwest when 
a customer mentions electrical advertising is to tell 
him something of the advertising value of the sign and 
then turn his name over to the sign manufacturer as a 
prospect. By co-operating in this manner we can do 
the sign manufacturer a lot of good as well as the 
utility we represent. 

For a more detailed selling plan, we recommend the 
booklet mentioned in the opening of this report. 


ILLUMINATED POSTER PANELS AND PAINTED BULLETINS 


There is much property conspicuously located, whose 
general appearance would be improved by a neatly 
constructed and illuminated poster board or painted 
bulletin. Neon lighting has found another adaptation 
in bringing out very effectively the condensed message 
of the floodlighted bulletin. With the advent of the 
newer mobile type of sign, the painted bulletin is des- 
tined to experience a great growth in the future as the 
companies selling this service have men well trained in 
advertising and they capitalize on every possible de- 
velopment. One has only to look to the past growth 
and development of this load to get an idea of what it 
will mean to the utility in the future. 
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WINDOW LIGHTING 


Window lighting has been given much consideration 
in the past few years, especially by the lamp manufac- 
turers, and the manufacturers of this type of equip- 
ment. There is available as a result ample material on 
the subject, and figures prove conclusively its value as 
a medium of advertising. 

The principles of good window lighting practice are 
well known to all. No longer is the bare lamp consid- 
ered effective and good practice. It has long since been 
displaced by the scientifically designed reflector, 
mounted in the upper front corner of the display 
window with the outlets spaced so an even distribution 
of light will be directed to the display area. Modern 
tendency has been toward the use of colors, fixed and 
mobile, the latter meeting with great favor and success 
as it possesses the “IT” so essential in window lighting. 
Some extremes are noticed where only spotlights are 
used. This produces a spectacular effect but it does 
not display the merchandise to its greatest advantage. 

People may be stopped by such a lighted window, 
but they never linger as they cannot examine the mer- 
chandise on display and seldom return to make a pur- 
chase. Plenty of light is necessary to display mer- 
chandise advantageously and the better class of dindow 
decorators work their novel effects from supplementing 
spotlights. Modernism has recently found its place in 
window trimming and many unique and pleasing effects 
that produce stopping power are contrived. 


DAYLIGHT REFLECTORS 


Daylight reflectors still present a problem. Various 
methods to overcome this effect have been experimented 
with, but as yet no really successful solution to the 
problem has been found. Larger wattage lamps have 
been used but the resulting heat, due to insufficient 
ventilation, has been more damaging to the merchandise 
on display than the success of eliminating reflections. 
High wattage, focusing type spot lights have been used 
with a fair degree of success. The beam is projected on 
a particular article in the window in an effort to make 
it stand out. 

In ELECTRICAL WEsT of March 1, 1930, a very prac- 
tical solution to the problem of daylight reflections 
suggested the use of the waste space found above prac- 
tically all store windows for higher mounting of units, 
more ventilation and better daylighted windows. The 
“Art Moderne” architecture motif can be admirably 
adapted to such a store front. It remains for us to 
transmit this idea to architects and building owners if 
we are to be of real service to them. 


REVENUE VALUE OF THE LIGHTING LOAD 

The desirability to the utility of this load is certainly 
equal to that of the sign load, and as a revenue pro- 
ducer it is perhaps equal to the sign load per kilowatt 
of demand. With the noticeable increase of daytime 
burning of the window lights in an effort to reduce 
daytime reflections, its value as a revenue producer is 
constantly increasing per kilowatt installed. Inten- 
sities as well are on the upward trend and this again 
greatly increases the desirability of the load. 

DEVELOPING A SELLING PLAN 

The best plan to increase wattage in window lighting 
is just good, hard, common sense selling. The con- 
tractor-dealer must receive your co-operation and 
equally important, the architect. Here the ground work 
for future load increases is accomplished and all of us 
know the cost of inadequate wiring. Proper contacts 
made today with the architect pay dividends now and 
increased dividends in the future. Help him with his 
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wiring specifications and in doing so endeavor to get in 
capacity in copper that will provide for at least 200 
watts per lineal foot of plate glass, and more if you can. 

Your help in locating the outlets will also be appre- 
ciated and may result in one more outlet in the window 
than the architect had originally planned. If you can 
sell the economical value of this practice to the archi- 
tect, as well as the value to him for future business, it 
is usually a rather simple matter for him in turn to 
sell it to the prospective customer, as he is entirely de- 
pendent upon the architect’s knowledge of building con- 
struction and usually accepts without much argument 
any recommendations the architect makes. If properly 
approached, architects welcome this type of engineer- 
ing service as they usually admit their knowledge on 
this subject is limited, and they especially appreciate 
this service because it comes from an impartial and dis- 
interested source. 

The cost of securing this class of lighting load is not 
excessive and will vary in different communities. It 
is perhaps not as reasonable to secure as the sign load, 
but nevertheless all efforts expended in this direction 
are bound to pay handsome returns. 


FLOODLIGHTING AND SPECTACULAR LIGHTING 


Light’s Golden Jubilee, the Barcelona Exposition, and 
more recently, the so-called Colorama lighting in the 
dining room of the St. George Hotel, have perhaps 
brought to the attention of the American public more 
than all our other efforts combined what can be done 
in this line of lighting, together with its potential ad- 
vertising value. Nationwide, even worldwide publicity, 
through every possible channel, was given these out- 
standing events, and through some of these channels 
the public read about it, heard about it, or saw it. 

Nearly every community has a building of note, 
statue of renown, or some prominent park that is 
ideal for a floodlighting installation. When floodlighted, 
these become landmarks of the community as well as 
advertising material for transients. 

Fixed and mobile colors in floodlighting produce 
effects beyond realism. The architectural beauty of 
buildings is sometimes greatly enhanced under the 
colored beams of a floodlight projector. Nature’s beauty 
is even made more exquisite at night than by day. 


ADVERTISING VALUE OF FLOODLIGHTING 


The value of this class of lighting in the Northwest. 
as an advertising medium is equal to that of the sign 
or window lighting, due to the fact that not many in- 
stallations are to be found, and because of the few in 
number, the impressions made will be remembered long 
afterward. 

As a producer of gross revenue it is a highly desir- 
able load and should for this reason receive your co- 
operative efforts. However, the cost to secure this class 
of lighting is extremely high when compared to that of 
securing sign and window lighting load. This is per- 
haps due to the fact that it is more or less new to the 
general public and they classify it as a luxury as far 
as their business is concerned. It remains for us to 
sell them on the idea of its value as an advertising 
medium, and great advances in the art of floodlighting 
itself, as well as its advertising value to the customer 
can be expected in the next few years. 

The chairman wishes to thank the committee mem- 
bers for their co-operation as this has aided materially 
in assembling this report. Although no figures have 
been presented, it is hoped that the value of the report 
is not lost. We urge that this work be carried on in 
the future and hope that through the succeeding years 
results will continue to accrue. 
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Home Lighting Education* 


4 laps scope of the home lighting educational com- 
mittee is defined as follows: 

“To obtain facts and disseminate information on 
lighting methods in the home; to develop programs to 
build the home lighting load; to advance better lighting 
methods and better lighting equipment; to encourage 
special lighting service to customers; and to promote 
in every way possible the use of electric lighting in the 
home in a beneficial way to the consumer of electricity.” 


Surveys and statistics of the country as a whole in- 
dicate that lighting equipment in the home is far from 
the point of saturation, and that the home field offers 
wide possibilities for additional load. 


Of the customers on record as of Dec. 31, 1928, about 
82 per cent were domestic lighting customers, and the 
revenue from these residential customers accounts for 
approximately 29 per cent of the total revenues of the 
central stations. 


ANALYSIS OF DOMESTIC REVENUES 


An analysis conducted by the National Electric Light 
Association covering the two-year period, 1926-28, 
showed an increase in domestic customers of 15.1 per 
cent, an increase in kw.-hr. sales of 33.8 per cent, but 
an increase in sales per domestic customer of only 13.6 
per cent. 


The big problem indicated is to increase the energy 
use per customer. There are 19,000,000 homes in the 
country which are prospects for improved home light- 
ing, of which about 400,000 are in our own North- 
western territory. 


The average figure for kw.-hr. use per year per resi- 
dential customer is 507; on the Pacific Coast, however, 
we are going above this figure with an average of 
1,008. This high average, however, can be accounted 
for by the wide use of electric ranges and electric heat- 
ing equipment, and the proportion of this 1,008 kw.-hr. 
actually used for residential lighting, more than likely 
is fairly close to the figure for the country as a whole. 
Taking a figure of $22 per customer per year for resi- 
dential lighting multiplied by the 400,000 approximate 
number of customers, indicates that from our resi- 
dential lighting we are receiving a yearly revenue of 
$9,200,000. 

This present revenue received is from energy used 
in homes inadequately lighted. The National Home- 
Lighting Contest of 1924 proved that the average home 
of the country was only 50 per cent adequately lighted. 
If the homes of the Northwest were brought up to a 
“conservative ideal” the energy consumption could be 
raised at least 25 per cent by the increased use of home 
lighting alone. Twenty-five per cent of $9,200,000 is 
$2,300,000. A 25 per cent increase in the use of elec- 
tricity for lighting in the homes of this territory would 
be equivalent to the revenue from 25 per cent greater 
territory at no further capital expense. 

Table I is very interesting and illuminating in that 
it brings the level of the aforementioned “‘conservative 
ideal” to a comparison with the level of lighting con- 
ditions found in the average wired home. 





* Report of the home lighting educational committee. T, W. 
Fitch, Pacific Northwest Public Service Company, chairman. 
Wational Lamp Works: Walter Potter. 

Pacific Northwest Public Service Company: W. D. Williams, 
Puget Sound Power & Light Company: H. A. Gardner. 
Utah Power & Light Company: L. B. Gawan, 

The Washington Water Power Company: L. V. Ross, 





TABLD I 
Average “Conservative Per 
Wired Ideal” Cent 
Home Home Saturation 
Convenience outlets.............. 3.4 10.5 33 
Ceiling fixtures (satisfac- 

RIPE Si sn haiechinsaccasaibbemeiens 6.1 11.5 53 
Wall Brackets (utilitarian) 2.5 8.0 31 
POTTING TWIG nc ecccivecnciccstinns 2.8 8.5 33 
Connected load in watts...... (954) (1,845) (51) 


This “conservative ideal” provides for the various 
rooms of the house as follows: 


Watts 
Living room—%3 convenience outlets; 1 ceiling fixture; 
6 portable lamps (including portables in sunroom, 
reception hall, dining room and various other places 


ECTS SII dace ctecheistieitetecsictgtcicinantotnnnesueabbevantiinetons 540 
Dining room—1l1 convenience outlet; 1 ceiling fixture 

6 ee 230 
Kitchen—1 convenience outlet; 1 ceiling fixture; 1 wall 

OIE cssncescichitliscnasoaciicnpbaa tatiana alla aibaiailtiletniapenlldatteniniiiellaatanccia 200 
Bedrooms—Average 2.5 bedrooms per home. 2.5 con- 

venience outlets; 2.5 ceiling fixtures; 5 wall brackets; 

ee TI Getta ah nia neal anit enitatininnaenict 475 
Bathroom—1 convenience outlet; 2 wall brackets............ 100 


Hallway—1 convenience outlet; 1 ceiling fixture.............. 50 
Basement—1 convenience outlet; 5 fixture outlets 


AESTHETIC FACTORS 


In addition to the revenue which can be obtained in 
this field, electric service companies should not lose 
sight of the tremendous influence they can exert toward 
the conservation of eyesight and the betterment of liv- 
ing conditions by promoting good home lighting. 

I wonder how many of the homes of those reading 
this report would come up to the standard of this “con- 
servative ideal” home. If any of our homes do fall 
short, it would be a revelation to us to experience the 
amazing change which comes over the entire atmos- 
phere of the home when our home lighting is brought 
up to the standards of present possibilities. 

Reading lamps shedding a soft white light on our 
books, but not into our eyes; lamp shades giving warm 
color tints to the room as you enter or as you gaze 
about; throughout the entire room, the soft fluorescence 
from one of the new totally indirect floor lamps reflect- 
ing light from the brightened ceiling with all harsh 
contrasts of bright spots and dark spots eliminated; 
perhaps a glow of subdued color from a small light 
ornament on the radio or bookcase or buffet; a picture 
lighted with a picture lighting unit, so that the high 
lights are brought out as the artist had intended they 
should be—these are effects readily produced in modern 
practice. The salutary effect upon the disposition of 
the family and congeniality of our friends would be 
more than ample to repay us for our trouble, if we con- 
sider it trouble. 


Comparing this “conservatively ideally” lighted home 
with the average home as lighted today, we obtain a 
factor which applied to the residential customer load 
we have at present, will chart possible growth. 
CONTACT DOMESTIC FIELD THROUGH WOMEN EMPLOYEES 

Each company represented here has a large number 
of women employees, many now in homes of their own, 
and many more who will be establishing homes of their 
own in the near future. It appears to the committee 
that here is an excellent point of contact with the 
domestic customer field. 

If the homes of our own employees reflected the best 
or even the “conservative ideal” in residential lighting, 
the movement toward a general revision upwards would 
receive a wonderful impetus. The social contacts of 
central station employees are very far reaching. The 
urge toward better living surroundings has received 
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much help from the home magazines and from the 
movies. The central stations can benefit from this 
urge and from the imitative reactions of the friends 
of our employees in the way of a better consciousness 
of and desire for good house lighting. People are anx- 
ious and willing to learn what is best, when their 
comfort is enhanced. Between 1% and 2 per cent of 
the customers of some of the central stations are em- 
ployees who are heads of families. The rank and file 
of employees should be encouraged to beautify their 
homes by shading all lights by home-made shades, if 
necessary, and by reduced prices on modern and scien- 
tific equipment. The officials and executives in their 
homes should be thoroughly up to date in all their 
lighting appurtenances. Many more of our customers 
are represented by at least one member of the family 
among central station employees. While this percentage 
may be less with those utilities who are not also oper- 
ating street railway systems, it still reaches a fair 
sized total. 

In connection with this thought, the Pacific North- 
west Public Service Company is preparing a course 
on home lighting to be given through the women em- 
ployees’ organization, to those women who are found 
to be interested. We hope in this way to acquaint the 
women employees with what is desirable and best in 
home lighting equipment, knowing full well that the 
best and desirable level is well above the average level 
at present. That these women are receptive to this in- 
formation is shown in the fact that recently they put 
on the playlet “Lit Up” at one of their meetings. A 
great deal of interest was aroused by the playlet and 
they have been requested to repeat it. 


OTHER METHODS OF PROMOTION 


Talks on home lighting have been presented before 
business and professional women’s clubs, before parent- 
teachers associations and before home economics classes 
in the state colleges. 

In Seattle time has been reserved for broadcasting 
home lighting talks over the radio. 

An article on home lighting was requested by one 
of the Portland newspapers, and it is now in the process 
of preparation and will soon appear in the Sunday 
edition. 


New APPLICATIONS IN THE HOME 


Modern home lighting does not consist merely of 
overhead ceiling fixtures and portable lamps. The 
growing appreciation of color interest spots in a room, 
light ornaments designed to be especially beautiful at 
night, ana the use of colored lights for atmosphere are 
becoming more and more noticeable. These light orna- 
ments are as good for load as a vacuum cleaner. 
Colored lamps are very inefficient as a means of pro- 
ducing light for any purposes of close application such 
as reading or sewing. Thus other white lamps must be 
burned in addition. 


Outdoor lighting at Christmas time is ushering in 
the feature of outdoor lighting all the year round. 
Garden lighting has been attempted in many quarters 
and offers a field for increasing residential use of 
kw.-hr. Beautiful bushes in their seasons can be 
lighted by portable angle-type reflectors, and many 
beautiful effects have been achieved. 


Small electrically lighted fountains in the yard can 
be erected at small cost. A pipe from the outdoor 
water connection for a jet or spray, a water-tight 
glass covered compartment from which a spot of light 
or a flood of light can be directed upwards through the 
jet or spray is easily constructed. A color wheel can 
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be made to revolve over the light source and a con- 
tinuous change of color be obtained. 

A new departure in residence lighting is the illum- 
inated house number, either with 110-volt lamps behind 
a glass panel on which the number is painted, or 6-volt 
lamps fed from the door bell transformer, which burn 
all the time. There are Neon house numbers also. 

We have all probably had the experience of trying to 
locate the home of a friend at night. Not knowing the 
exact location except the house number and street, how 
often have we driven up and down the street, or tip- 
toed up to several houses searching for the hidden 
number before finding the right house. 

One new residence in Portland installed, at our sug- 
gestion, a key-hole light. A push-button in the door 
jamb operates a small light through a bull’s-eye onto 
the key hole, so in the dark the key hole is easily 
located. In Europe where telegraph companies are 
government owned, there have been laws passed, requir- 
ing that houses have illuminated house numbers to 
assist the telegraph boys and physicians in finding the 
correct house at night. 

Overhead eave lights to flood the grounds in case of 
prowlers at night, can be utilized also for garden 
parties. 

A new type of floor lamp just coming into favor and 
mentioned before is the totally indirect urn lamp. This 
light is a further development from the Duplexalite 
portable and the Curtis adapter unit. All of the light 
goes to the ceiling where it is redirected about the room, 
eliminating all of the harsh contrasts from the portable 
lamps, and is very effective in heightening the cheer 
and comfort of the entire room. For bridge parties 
these lamps are particularly effective as no glare what- 
ever is present on the cards. The miscalled “bridge 
lamp” is notorious in its casting such a glare on at least 
one player’s cards that it frequently is a mystery to 
him whether his cards are clubs or diamonds. These 
lamps utilize 200 and 300-watt lamps, which is a very 
desirable feature in connection with them. 

People must have impressed upon them the fallacy 
of purchasing beautiful furniture, rugs, draperies and 
pictures, and then bottling up their beauty with inade- 
quate or improper lighting. They can well afford to 
spend a few cents additional each evening for elec- 
tricity so that they and their friends can more fully 
appreciate the values and excellence of their taste in 
home furnishing. They can get all the “atmosphere” 
they desire and still have sufficient well directed and 
well diffused light for all their needs. 


REFIXTURING 
Refixturing campaigns have been tried out with vary- 
ing degrees of success. One company has been quite 
successful with campaigns featuring floor and table 
lamps producing illumination of high quality, such as 
Duplexalite lamps and the new Luckiesh-Miller lamp. 


The type of lamp bearing the stamp of approval of 
the best engineering practice is the only kind that a 
central station can safely promote and be consistent 
with its aim of giving the customer correct and scien- 
tific lighting. These better types of lamps are being 
imitated more and more by other manufacturers and 
many really good lamps can now be found in first class 
department stores. 

Ceiling fixtures have not been so successfully mer- 
chandised because of the customers’ antagonism toward 
the old type unit and the lack of really good, high 
quality fixtures embodying correct principles. The 
modernistic trend will no doubt develop something first 
class, and it is getting very close to the goal. Good 
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sales appeals for ceiling fixture campaigns are ready 
when the right fixture appears. 


Some of these appeals are as follows: 


1. Old fixtures are out of date. Get modern. 

2. New fixtures will look better and make for more cheer- 
fulness. (These two appeals, however, can be put off by 
the customer who might say “later on, perhaps.’’) 

3. Save your eyesight, and the eyesight of your children. 
(This appeal calls for immediate action. All three appeals 
should be used but special stress placed on the last one.) 


The same appeals can be used in selling any of the 
better lamps on which campaigns have been run. 


SUMMARIZING 


A 60-watt lamp additional per customer will bring 
in approximately $1 per year increase per customer. 

The better grade of lamps use wattage much higher 
than this. 

The residential lighting load brings in about 29 per 
cent of the entire central station revenue. 

The average home is only 50 per cent well lighted. 

People are spending money for fine furnishings and 





can be brought around to spend a little more to enhance 
the appearance of these furnishings. Good light is not 
expensive compared to other outlays. 

It is the obligation of the electrical industry to edu- 
cate its customers to the vital need of conservation of 
eyesight for themselves and children. The average 
individual does not sense this condition. 

People, however, are receptive to instruction and ad- 
vice but masses move slowly, and old habits must be 
overcome. 

Qualified personnel should be provided to advise with 
customers on home lighting questions and to assist in 
making the lighting layout on new home plans. 

By means of talks before women’s clubs, newspaper 
and magazine articles, radio talks and playlets, this 
message can be put across. 

The women employees of the central stations will 
form a fine nucleus and bridge-head from which to dis- 
seminate further the story of adequate lighting, and 
employees should be encouraged by special price fea- 
tures to modernize the lighting in their own homes. 

Last but not least, there is a large plum of addi- 
tional revenue awaiting the picking. 


MERCHANDISING BUREAU’ 


Promoting the Sale of 
Electric Ranges* 


ROBABLY no other phase of central station selling 

activities has been discussed as much as the promo- 
tion and sale of electric ranges. During the past few 
years reports covering practically every phase of the 
electric range business have been submitted by com- 
mittees of this association. Each year new problems 
arise that continue to make this an important and in- 
teresting subject. When we consider that, in spite of 
the enormous amount of sales and promotional effort 
put forth to promote this business, many companies 
actually are showing a decrease in electric range sales 
in proportion to the money and effort expended, it 
would seem that there is plenty of room left for dis- 
cussions. 

In consideration of this condition, this committee has 
undertaken to present this subject purely in the light 
of an analysis of market possibilities and to ascertain 
the factors responsible for the lack of comparative 
results obtained through the past year’s selling opera- 
tions. In addition to this, we have attempted to sug- 
gest certain steps which could be taken to correct these 
factors. 

When we consider that the present range saturation 
in the Northwest is less than 30 per cent of the wired 
homes served by the utilities represented, we can 
readily realize the tremendous market left undeveloped. 
Again, when we consider the increase noted in the sale 
of other appliances which have reached a far greater 
saturation point than the electric range, we are led to 
believe that there must be fundamental factors influ- 
encing the sale of electric ranges which must be con- 
sidered before electric range sales can be placed on a 
basis comparable with other appliances. 





27R. M. Bleak, Utah Power & Light Company, chairman. 


* Report of the domestic electric range committee. G. L. 
Jackson, The California Oregon Power Company, chairman. 
Edison Electric Appliance Company: Ralph Cordiner, 
Northwestern Electric Company: J. B. Buman. 
Utah Power & Light Company: W. M. Moreton. 
Westinghouse Electric & Manufacturing Company: 


E. V. 
Peterson. 


Our investigation brings to light eight major points, 
all influencing more or less the sale of ranges. While 
some of the organizations represented here have cor- 
rected a part of these conditions, we believe that no 
organization has been successful in eliminating all of 
the eight major points of sales resistance. 


1. INITIAL COST OF THE ELECTRIC RANGE 


The initial cost of an electric range always has been 
a major factor in range sales resistance, because of the 
fact that gas or fuel ranges can be purchased at a 
much lower figure and at practically the same terms. 
Present prices of ranges large enough to accommodate 
a fair-sized family, when combined with water heater, 
tank cover and switch, are out of reach of the ma- 
jority of people. While it may be said that the price 
of the electric equipment is not important as long as 
the monthly payments are within reach of the average 
income, it must be considered that gas and fuel ranges 
are sold on the same basis and that each of the manu- 
facturers of such equipment has a story to tell which 
makes his product inviting to the customer.. We feel 
sure that a substantial decrease in the list price of 
the electric range would result in the same reaction as 
experienced by the manufacturer of washing machines, 
automobiles, radios and so forth. Our first recom- 
mendation is to encourage the production of a range, 
adequate to meet the needs of the average family at a 
price within the means of the masses. Such a range at 
that price, with present credit facilities, would enable 
the mass of people to purchase electric cooking equip- 


ment. Price, however, is only one of the factors to be 
considered. 
2 AND 3. OPERATING COSTS AND EDUCATION OF 


CUSTOMERS 


There is a feeling prevalent among those customers 
who make up the potential market with which we deal, 
that the cost of operating an electric range is high. 
This idea has been brought about, first, through lack 
of knowledge and, second, through user advertising. 
This user advertising may have come from satisfied 
customers who were well able to afford service bills 
resulting from their own range operation. This same 
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service bill might seem low to most of the customers 
who now operate electric ranges but would seem high 
to the mass of wage earners and people in more mod- 
erate circumstances with whom we must deal in the 
future. Advertising through any medium, dealing with 
operating costs, would not overcome this situation be- 
cause user advertising is the strongest advertising we 
could possibly have. Therefore, an effort must be made 
to change this user advertising to a point where it will 
promote rather than retard the sale of electric ranges. 
In our opinion, it would be a waste of money for any 
utility to try to sell by means of advertising, the idea 
that electricity is cheap if it did not have the proper 
type of user advertising to substantiate the statements 
made. We believe, that through education in the proper 
operation of the electric oven and range accessories 
such as the cooker, that present customers could and 
would reduce their operating costs considerably, and 
in the reduction of that operating cost would become 
better satisfied users of our service. Through lower 
operating costs, user advertising would place electric 
cooking on a cheaper operating basis, thus largely off- 
setting the prevailing idea that electric cooking is too 
high. 


When a housewife uses the cooking surface of an 
electric range for 65 or 75 per cent of her cooking 
operations the kw.-hr. consumption is bound to be high 
because of the heat loss involved in the use of surface 
units. If, on the other hand, the oven is properly used, 
the kw.-hr. consumption can be decreased substantially 
and customer satisfaction increased proportionately. 
After all our advertising and sales promotion work, it 
is surprising how few housewives actually use an elec- 
tric range efficiently. For instance, the oven can be 
used to cook as many as four different kinds of food in 
one operation. Yet how many customers do you find 
using the electric range oven in this way? This condi- 
tion is due to two things: lack of instruction in the use 
of the electric range oven, and the lack of adequate 
utensils for using the oven for more than one operation 
at a time. We must, therefore, consider the education 
of all present users of electric ranges in the proper 
use of oven and auxiliary cooking equipment for the 
following reasons: 


1. Reduction of operating costs. 

2. Better satisfaction with cooking results obtained. 

3. User advertising resulting from points Nos. 1 
and 2. 

This can best be brought about through personal con- 
tact on the part of employees who have been schooled 
in such work. Methods of carrying on this educational 
program will, no doubt, vary in each locality. Many 
companies have maintained a home service department 
for several years, contacting customers who have pur- 
chased new ranges, with the idea of educating them to 
use the range properly. However, some companies do 
not follow this practice and assuming they do, types of 
equipment and methods have changed so much in the 
past few years that a great deal of good could be ac- 
complished by contacting these customers again. For 
quick results it is suggested that a crew of girls be 
organized and educated with this idea in mind and 
that every range user now served by the utility be 
interviewed or given a demonstration in their own 
home, as the case may require. Through these personal 
contacts the following things could be accomplished, 
aside from the educational program referred to: 

1. A service check on ranges in use. 

2. A tremendous amount of good-will could be gained, 
not only for the utility itself, but for the use of elec- 
tricity in general. 


May 15, 1930 — Electrical West 


8. Such a plan could be used to advantage in carry- 
ing out the “work the user” idea in range sales pro- 
motion. 


4. SERVICE 


Unlike gas or fuel ranges, electric ranges require a 
considerable amount of repair and partial replacement 
from time to time. This, of course, must be added to 
the cost of operation. Due to the fact that this service 
costs money, many customers are using electric cooking 
equipment not in good operating condition. Many cus- 
tomers have failed to turn in complaints on low voltage 
and general service; burned out elements, switches 
failing to work, automatic controls out of adjustment, 
elements too slow to heat, and many other minor 
troubles which should be taken care of if it were not 
for the fact that the customer feels that this may cost 
money and is consequently reluctant to call upon the 
central station or contractor-dealer for service. This 
condition has been a very important factor in slowing 
up range sales. The range business, from a utility 
standpoint, is strictly a load-building program. In order 
to place electric cooking cn a competitive basis with 
other fuels, the service problem must be given serious 
consideration since it is an addition to the cost of elec- 
tric cooking, as well as being of considerable inconven- 
ience to the customer. 


Most central station merchandise departments guar- 
antee an electric range for one year. This guarantee 
does not apply after the one year has elapsed nor does 
it apply on ranges sold by other stores who might not 
be equipped to service them. Satisfactory results can- 
not be obtained when a range is not in first-class oper- 
ating condition and unless we can show satisfactory 
cooking results through the medium of electricity, we 
cannot hope to increase this class of load to any great 
extent. Servicing, therefore, becomes a utility problem 
as well as is merchandising. The committee feels that 
the utility would be justified in extending free service 
on all kinds of electric ranges regardless of make. It 
has been suggested that, in order to decrease the cost 
of such service to the utility, the customer be billed for 
the cost price of the parts only—labor free. When con- 
sidered in the light of the value of the electric range 
load, this policy certainly could not be regarded as out 
of line with good business. 


5. INTERESTING OTHER ORGANIZATIONS SUCH AS THE 
HARDWARE STORE AND FURNITURE STORE IN THE SALE 
OF ELECTRIC RANGES 


There has been a tendency on the part of central 
station selling organizations to eliminate, insofar as 
possible, competition through contractor-dealers, hard- 
ware stores, furniture stores and department stores, 
with the idea of increasing their own sales through 
exclusive distribution. When a prospective buyer con- 
templates the purchase of new household equipment, 
the furniture store or the department store is probably 
the first place contacted. These outlets, as a rule, do 
not handle electric ranges, or do not push the sale of 
them because of the small amount of profit involved. 
They have received very little encouragement from the 
central station to sell electric ranges and even though 
they were encouraged to sell, it would be necessary for 
them to take on some off-brand which is practically un- 
known to the community. 


Discounts on fuel and gas ranges, to the independent 
outlet, are from 10 to 30 per cent greater than on 
electric ranges. It is no wonder then that furniture, 
hardware or department stores prefer to sell other 
types of cooking equipment rather than to pioneer some 
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new make of electric range in competition with the 


central station. In addition to this, they must assume 
the guarantee from the service standpoint if they ex- 
pect to continue selling electric ranges. We can readily 
understand, then, why we are not receiving the support 
of such organizations in merchandising electric ranges. 
In other words, the central station is practically in 
possession of the range selling field insofar as those of 
the electric type are concerned and with that possession 
must assume the full responsibility for the promotion 
and sale of their product without help, assuming at the 
same time all the competitive factors arising out of 
such a condition. 


Radios, musical instruments, automobiles and other 
items have become popular because of intensive adver- 
tising and wide distribution from a retail standpoint. 
In the case of electric ranges, the tendency has been 
for the central station to assume the distribution of this 
product to the exclusion of all others. This situation 
has arisen perhaps because of a feeling that it was 
necessary to create a large volume of business through 
their own organization in order to justify the service 
arising out of the sale of such equipment. 


If electric ranges are to take their place as one of 
the major household necessities, channels of distribu- 
tion must be increased. An effort must be made to 
interest the furniture dealer, hardware dealer and the 
department store, now handling other types of cooking 
equipment, in the sale of electric ranges. It must be 
considered, however, that since the margin of profit 
involved in the sale of an electric range is so much 
less than that on a gas or fuel range, it is going to be 
necessary to make some arrangement to equalize dis- 
counts if we expect to interest these dealers. It is sug- 
gested that in addition to encouraging these outlets 
to merchandise electric ranges, an effort be made to 
increase the discounts, even though it is necessary to 
pay a premium on sales made through these sources, 
charging this amount to new business expense. 


6. PROPER EDUCATION OF SALESMEN AND CONTACT 
PEOPLE 


Successful washing machine salesmen, refrigerator 
salesmen and vacuum cleaner salesmen, could never 
hope to succeed with no more knowledge of their prod- 
uct than that possessed by the average range salesman 
or the general salesman on whom we depend for our 
range sales. Knowledge of the product which we se!l 
is one of the primary elements of salesmanship, yet it 
is surprising how little the average salesman or contact 
person actually knows about an electric range. House- 
Wives are interested in saving labor, better cooking 
results, and new methods of food preparation, not in 
the mechanics of the range. Inasmuch as the sale of 
an electric range deals with the fundamentals of house- 
hold economics, salesmen must be able to talk in terms 
of electric cooking rather than mechanics. They must 
be familiar with every phase of electrical food prepara- 
tion. We feel that every salesman and saleswoman 
should be given a thorough education in the subject 
of “cooking by wire.” More stress should be given to 
home service work. To begin with, the home service 
department should carry on educational work among 
our own employees, giving them proper instructions 
on all phases of electrical cookery. The more intelligent 
the contacts which we make, the more successful our 
range business will become. In this connection we call 
your attention to an article headed “Unknown and 
Unwanted” by W. L. Frost, commercial manager of 
the Southern ,California Edison Company, published 
in the February, 1930, issue of Electric Light and 





Power. This article brings very forcibly to our atten- 
tion, the need for more intelligent contacts and proper 
education of contact people. 


7. WIRING 


Special wiring, required for a range installation, 
always has been a stumbling block in the sale of elec- 
tric ranges, since the majority of homes are not wired 
for such service. To make this problem even more 
difficult, we find that the potential market with which 
we must deal in the future is composed of a large 
portion of customers living in rented homes in which 
the householder does not feel justified in investing ad- 
ditional money for wiring purposes. The price of range 
wiring installations has been on the up-grade for the 
past few years and instead of wiring becoming a de- 
creasing factor in the sale of ranges it has evolved 
into a more important point. Our big problem in the 
future is to overcome high wiring costs and to make 
it possible for renters to own and operate electric 
ranges. 

Most rented homes are old buildings in which the 
landlord is averse to making an additional investment. 
At the same time, the renter does not feel justified in 
spending $35 or $40 for a wiring installation which ulti- 
mately will become the property of the landlord. Our 
only possibility at present for overcoming this prob- 
lem is to work up some sort of a portable wiring in- 
stallation which can be sold as part of the range and 
which can be moved when necessary without exorbitant 
cost. We are submitting herewith a diagram of a pro- 
posed portable wiring installation that will cost ap- 
proximately $35 installed. (See Fig. 1 with specifica- 
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Details of portable heavy-duty wiring installation. Specifi- 
cations of material are given in the tabulations immediately 
below 


Equipment Specification for Portable Installation 


1. One A.G, combination two-circuit cabinet, 
HP-302-RTN, including: 
One 60-amp. 3-pole solid-neutral switch, 
Two lighting circuits. 
One range circuit. 
One water heater circuit. 
Fuses for each circuit. 
Miscellaneous equipment and supplies: 
One 1-in. nipple with Condulet and cover for service 
entrance, 
Twenty feet of %-in, flexible conduit with three No. 
8 wires. 
From 20 to 40 ft. of BX No. 2 for water heater. 
Meter loop at either top or side of cabinet. 
One ground clamp, 
Twenty feet of %4-in. conduit for ground wire. 
All fittings must be attached in place and all wires pulled 


into place. This installation must be mounted in all cases 
with screws to facilitate its easy removal, 


catalog No. 


9 
a. 


Electrical West — Vol. 64, No. 6 





tions.) Subsequent installations can be made at a price 
varying between $3 and $10. This proposed portable 
wiring installation conforms with the State and Na- 
tional wiring codes and can be used in every district 
in Oregon, with the exception of Portland, where it 
will be necessary to increase the size of the conduit to 
1% in. for the service wires and to 1 in. for the range 
lead. The switching equipment can be placed on a 
large board and hung with two hooks and the flexible 
conduit or rigid conduit, as the case may require, can 
be fastened to the house with screws and clamps, being 
very easily removed when desired. This installation 
not only meets the requirements of the wiring code 
but the requirements of law in moving equipment of 
this type from rented houses. This installation can be 
sold as a part of the range and can be reclaimed on 
reverted contracts just as the range itself. 


8. ADVERTISING 


Let us again call your attention to the previous 
mentioned article, “Unknown and Unwanted.” This 
article bings out forcibly the fact that electric ranges 
still are practically unknown to the masses and that 
the little which actually is known is negative insofar 
as the industry is concerned. We have accomplished 
very little toward selling the electric range idea in 
general. Our advertising has been confined to the two 
or three types of electric ranges we handle, bringing 
out the merits of those particular ranges over all 
others. Our only hope for the success of this program 
must be in making electric cooking a by-word and to 
do this we must first overcome the obstacle, “Un- 
known.” 

It is recommended that an advertising program such 
as sponsored by the ice manufacturers, refrigerator 
manufacturers, laundry associations, and so forth, be 
inaugurated in the Northwest, supported by central 
stations and manufacturers represented in this terri- 
tory—this advertising to tell the story of electric cook- 
ing in all its phases without reference to any particular 
brand of electric range. Such a program will result 
not only in a better public acceptance of electric cook- 
ing, but also will be an encouragement for other out- 
lets to merchandise an article which is of prime im- 
portance to us from a load building angle. It is only 
through concentrated advertising and intelligent con- 
tacts that our major obstacles “Unknown and Un- 
wanted” can be overcome. 


Water Heating* 


| prrateeescastel every electric utility can heat water 

electrically on a basis profitable to the utility and 
acceptable to the customer. That many who are not 
now doing it can do so is shown by those companies 
who already are actively in the business with rates 
that are returning as high as $80 per system kw.-yr. 
which, after all, is the important consideration to util- 
ity investors rather than the price per kw.-hr. To date 
many companies have looked with disfavor on this 
business, thinking that the necessary rates would be 
low per kw.-hr. and not having figured the return on 
a kw.-yr. basis. Customer acceptance of the water- 
heating idea where full automatic service is being ren- 
dered is, in the opinion of this committee, a clear indi- 





* Report of the water heating committee. L. W. 
Idaho Power Company, chairman. 

Idaho Power Company: J, B. McLain. 
Northwestern Electric Company: A. D. Leach. 
Utah Power & Light Company: H. M. Ferguson. 
The Washington Water Power Company: R. B. McElroy. 


Brainard, 
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cation that in the near future this service will be de- 
manded of public service companies that now are not 
prepared to render this service. 

Cold-water supply has been simplified the country 
over, requiring only the opening of a faucet to secure 
the service. Similar service for hot water will be de- 
manded and can be supplied. Realizing the mass 
of test data already available covering the multitude 
of details that enter into this problem, this committee 
considers that there is little need for any further 
testing. This committee, after its general survey of 
the situation, finds that in communities where electric 
water heating is being done successfully that one kilo- 
watt of capacity working approximately one-half of 
the time is giving satisfactory service to the five- or 
six-room home, which represents approximately three- 
fourths of the market. 

Naturally the water-heating program of any com- 
pany will have to be worked out to conform to the 
peculiarities of the particular power supply system. 
If the company has a large industrial day load and a 
relatively light night load, it may be decided to do the 
water heating between the hours of 7 p.m. and 7 a.m., 
employing of course the proper apparatus for this 
operation. If, however, the system shows a high daily 
load factor, the use of electricity for water heating 
could be spread over the 24-hr. period by the use of 
low-wattage installations. 

Once the water-heating system has been selected, 
which best suits the needs of the particlar community 
being studied, the next step is to select equipment from 
available apparatus already perfected and on the 
market. 

This committee is convinced that, particularly in the 
initial stages, this water heating program cannot be 
carried on successfully merely as an additional duty 
of some existing department, but must be studied and 
promoted by men giving their entire working time to 
the problem. 

While this committee has attempted to confine itself 
to the subject of electric water heating, it feels that 
attention should be called to the fact that the goal 
should be the completely electrified home and that 
water heating because of its relatively large current 
consumption and its substantial financial yield should 
be made a very important part of the program of com- 
plete home electrification. 

This committee is well pleased with the growing 
popularity of rates for complete home service meas- 
ured by a single meter and thinks that the progress 
of water heating will be much more rapid if total resi- 
dence service and total bill are discussed rather than 
the practice that has obtained of attempting to justify 
cost in competition with other water heating methods. 

Companies that have done a good job of promoting 
electric water heating are reporting that customers 
seem more willing to accept the total bill for total 
service than they are to accept the cost of water heat- 
ing only, segregated and discussed as a separate item. 


Electric Refrigeration* 


REVIOUS reports of the electric refrigeration 
committee have dealt with many phases of the sub- 
ject, particularly the desirability of the load and the 





* Report of the electric refrigeration committee. J. B. Bumian, 
Northwestern Electric Company, chairman. 

The California Oregon Power Company: G. L. Jackson. 
Idaho Power Company: F. M. Ingraham. 

Puget Sound Power & Light Company: J. E, McIver. 

Utah Power & Light Company: J. F. McAllister. 
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problem of service. This year the committee has been 
asked to present sales information that may be of some 
value to central stations desirous of promoting re- 
frigeration sales. 

To make the report more comprehensive, question- 
naires were sent not only to fourteen companies in the 
Northwest geographic division, but also to fifteen com- 
panies in the Middle West and South. While the ques- 
tionnaire covered considerable ground, the report will 
deal only with facts expected to be of particular inter- 
est or value to the Northwest companies. 

In general, it appears that electric refrigeration 
ranks high in interest among central station men be- 
cause of its high load factor plus the fact that, once 
placed on the lines, it is definite and continuous in 
kw.-hr. consumption. We must conclude that the ques- 
tion of whether to sell or not to sell electric refrigera- 
tors lies within the merchandising policy of each com- 
pany. 

Of the fifteen member companies in the Pacific 
Northwest, six do not merchandise electric refrigera- 
tors. Of the nine which do sell refrigerators, only 
four appear to make them a major part of their mer- 
chandising program. Twelve of the companies in the 
Middle West and South report that they make a very 
aggressive effort to build this type of business. In the 
case of those companies that have sought to sell refrig- 
erators aggressively, this appliance has represented 
a large portion of the year’s merchandise sales. 

It is noted from the questionnaires that the North- 
west companies that are selling refrigerators have been 
active only on an average of two years, except one 
which has been in the business for six years and an- 
other for four years. Companies reporting outside this 
territory have been active on an average of four years. 
Sales methods of all these companies seem to be some- 
what similar in that the salesmen in small towns sell 
refrigerators along with the general line of appliances, 
while in the larger cities a separate refrigeration sales 
organization is set up. 


A summary of some of the answers to the questions 
asked follows: 


PROFITS AND SATURATION 


In the matter of refrigeration sales being a financial 
success from a merchandising standpoint, seven re- 
ported in the negative, six in the affirmative, with one 
uncertain. 

Answers as to the percentage of commercial sales 
made in comparison to domestic, show that practically 
all effort has been on domestic refrigerators, none of 
the companies reporting more than 5 per cent com- 
mercial sales. Several companies indicated their in- 
tention of becoming active during 1930 on commercial 
machines. 

Answers as to the relative percentage of saturation 
from the power company’s own sales efforts for the 
past three years indicate, where the information was 
furnished, a decided increase each year, the average 
being from 1 per cent the first year to 2.8 per cent 
in 1929. 

On the point of the use of refrigerators by em- 
ployees in their own homes, it was found that among 
large companies aggressively selling refrigerators 
there was a saturation of employee use of from 10 


to 15 per cent. Other companies reported a much lower 
percentage. 


PRICES AND TERMS 


The question of price maintenance seems to be well 
established in practically all companies. Factory list 
is used as the cash price. Considerable variation is 





shown, however, in the carrying charge added for time 
contracts. These charges range from 6 per cent to 10 
per cent added to list price. In a few cases 0.5 per 
cent per month is used, but 8 per cent of list is used 
in the majority of cases. Competition and local con- 
ditions probably have considerable to do with estab- 
lishing carrying charges. 

A question as to the time allowed on term payments 
brought out the fact that a majority offered a 24-month 
contract. One large company in the Northwest offers 
a 30-month contract. Since the question brought out 
no unfavorable comment, it is assumed that contracts 
of this length represent sound practice. In the ad- 
visability of using the mid-winter deferred payment 
plan, sixteen companies expressed themselves as de- 
cidedly against, while five reported favorably. 


SALESMEN’S PERFORMANCE AND COMPENSATION 


In an endeavor to learn what volume could be ex- 
pected of salesmen and at what expense, questions 
were asked pertaining to the number of units sold per 
man per year and as to the compensation paid to 
salesmen. 

These questions brought a wide variety of answers 
from which little can be determined, because of num- 
erous companies having salesmen selling the entire 
merchandise line. Sales vary from 26 to 168 per sales- 
man. The average from eleven reporting companies is 
70. Some companies set up a quota of 60 units per 
salesman in metropolitan areas. Similar variations 
were shown in the matter of compensation to salesmen, 
ranging from $150 to $293 per month. The average 
for these is $192. 


ADVERTISING 


Answers to questions about advertising show the 
daily newspaper to be considered as the best medium. 
Most of the companies spend practically 75 per cent 
of their refrigeration advertising budget with their 
local papers. Other advertising media used are direct 
mail and billboards. Policy seems rather clearly de- 
fined as to the percentage of advertising expense to 
gross sales, most companies allowing about 3 per cent. 

For the most part, little or no effort is made to take 
advantage of such natural advertising sources as school 
cafeterias, church social halls or similar institutions, 
other than offering a slight discount to such institu- 
tions on the purchase of a refrigerator. The committee 
believes that a little sales effort in these places would 
bring continuous results in an advertising way because 
of the continually changing personnel reached and the 
fact that most of them are women. 


Foop PRESERVATION CAMPAIGN 


Practically all of the companies put on seasonal 
campaigns to obtain 65 per cent or more of their 
year’s business, having two or three campaigns, each 
of about six weeks duration. 

The last question of the questionnaire was: “Were 
you satisfied with the results obtained in your locality 
from the National Food Preservation Publicity Cam- 
paign?” Of those answering, twelve reported that they 
were not satisfied, six answered, “Yes,” some advising 
that such a campaign be put on every year. 


POTENTIAL FIELD 1S LARGE 


For the comparatively brief time that electric re- 
frigeration has been aggressively sponsored by dealer 
or power company, it is the opinion of the committee 
that rapid strides have been made and that the near 


future presages a greater volume of business at lower 
costs. 
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Statistics available previous to the advent of me- 
chanical refrigeration show that little thought has 
been given to refrigeration in the average home. The 
promotion of mechanical refrigeration has brought on 
a new order of affairs, and the necessity for the con- 
sideration of the care of foods for the family is better 
understood. 

The potential field for refrigerators has been un- 
touched, practically speaking. The dealer and sales- 
man have a large field in which to expand and, with 
the application of earnest effort, good results may be 
obtained. It seems needless to dwell upon the neces- 
sity for organization and trained salesmen for this 
business. That must be a foregone conclusion to those 
who have tried to get the business. 

Refrigeration has been accepted by the majority of 
utilities as a desirable load due to its diversity and 
the relation of kw. connected to the property invest- 
ment. Refrigeration is a good-will builder and usually 
the purchasers are enthusiastic with the results ob- 
tained. 

In conclusion, the committee offers a few sugges- 
tions, some of proved value, others for consideration. 


RECOMMENDATIONS 


The refrigerator is of such value to every power 
company as a load builder device that the committee 
feels warranted in recommending a certain amount of 
activity by all companies whether or not they are com- 
mitted to a policy of merchandising the appliance. For 
those companies not merchandising the device, it is 
suggested that thought be given to carrying an electric 
refrigeration display and, in addition, to allotting a 
reasonable portion of yearly advertising budgets to 
promoting proper refrigeration in the home. 

Contests are old, but proved, methods of creating 
interest in a forward movement. Essay contests among 
company employees for the best series of essays would 
be productive of considerable interest. A large num- 
ber of prizes is better than a few large ones to bring 
in as many contestants as possible from all depart- 
ments of the company. 


Employee contests probably could be successfully fol- 
lowed by a 30-day prospect contest, in as much as a 
great number of employees would be particularly well 
informed on the merits of proper refrigeration and 
eager to test their ability to create interest in others. 


Essay or oral contests can be offered to registered 
high school students. Contests of this kind should be 
sponsored by all those interested in the refrigeration 
business. 


In order to obtain widespread results, there must 
be a widespread and continuous effort on the part of 
those interested to dispense information on the proper 
preservation of food. The woman’s page is an eco- 
nomical and often overlooked agency in our newspa- 
pers and similar periodicals. Co-operation of this 
agency can best be secured through the company ad- 
vertising department working in conjunction with the 
domestic science department of the publication. This 
is done now by some companies in the summer season. 
It is recommended that information on the care of food 
and on the new frozen recipes and dainties made pos- 
sible by an electric refrigerator be put prominently in 
print the year round. 

By our own actions we are inclined to believe, and 
lead others to believe likewise, that only in the sum- 
mer is there a drastic need for real refrigeration, when 
as a matter of fact we are aware that food spoils 
about as readily at one time of the year as another. 
For this reason, our advertising copy should stress the 


May 15, 1930 — Electrical West 


electric refrigerator as a necessity in every family 
kitchen, if food is to be kept safe and nutritious at 
all times. A refrigerator to keep food in should be 
shown to be as important as an electric range to cook 
it properly. Such a slogan as “The climate at any time 
is a poor substitute for proper refrigeration,” or “The 
old cupboard is replaced by a modern refrigerator,” 
can be used advantageously in all copy to overcome 
the commonly prevalent idea that food deteriorates 
only in summer heat. 

A page may be taken from the book of our early 
experience in range sales. Formerly we advertised and 
sold practically all of our ranges in the summer sea- 
son, putting all our weight of copy and sales talk on 
a cool kitchen. Today we have five definite reasons 
why the housewife should cook by electricity. We ad- 
vertise and sell twelve months in the year and have 
almost eliminated the deep valley in our sales curve 
which used to occur in the winter months. 

Our efforts should tend more toward inculcating in 
the minds of our customers and those responsible for 
sales the idea that an electric refrigerator should -be 
a part of the equipment of every housekeeping es- 
tablishment. 


General Merchandising* 


HEN the chairman of the merchandising bureau, 
formulated plans for organizing his work, he ap- 

pointed committee members from the so-called “firing 
line.” With this in mind, this committee has attempted 
some original thinking in an attempt to present a 
viewpoint of the merchandising problem from the 
standpoint of men actually engaged in it and making 
daily contacts with the actual selling process. After 
some correspondence between committee members on 
the subject, a meeting was held in Portland on Dec. 
13, 1929. At the close of that meeting, each member 
was assigned a specific subject for further study. The 
report of this special study by the several members 
has been consolidated and represents the basis for this 
report. This report will attempt to present factors of 
importance in the order in which they appear in any 
merchandising plan: 

1. The need for executive interest. 

2. The necessity of a well organized merchandising 
plan. 

3. Some essential factors with reference to the mer- 
chandise itself. 

4. The problem of employee participation in merchan- 
dising activity. 

5. The training of salesmen for public utility mer- 
chandising. 


1. THE NEED FOR EXECUTIVE INTEREST 


As merchandising programs grow from small be- 
ginnings, there are needed larger amounts of money, 
more salesmen from the operating organization, greater 
participation by operating employees and considerable 
encouragement by the sales personnel. It is believed, 
therefore, that executive interest is a necessary part of 
any well balanced merchandising program. By active 
interest is meant that there should be a personally 





* Report of the general merchandising committee. H, W. 
Cooper, Pacific Power & Light Company, chairman. 

Idaho Power Company: J. F. Cooper. 

Mountain States Power Company: H, D. Kem. 

Northwestern Electric Company: H. C. Siegfried. 

Pacific Northwest Public Service Company: G. W. Madison. 
Utah Power & Light Company: G. B. Earl. 
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Pacific Power & Light Company 


“Always at your service” 
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Merchandising Plan Book 


“Organization will do 
‘Your Sales Job for 1930’’ 


In assigning to you the 1930 merchan- 
dise quotas shown in this book I am giving 
to each district a man-sized job. To accom- 
plish this task will require better planning 
of our efforts and time and a more intensive 
search for business. Above everything else 
it will require organization and man power. 
With it you may go far beyond your quota; 
lacking it you will fail. Get the man power 
in the field! 


Next in importance will be leadership 
and the direction of your forces. Focus your 
attention on a “balanced sales” program 
and direct your efforts towards keeping 
ahead of quotas assigned you, particularly 
the quotas of load-building merchandise. 


QO L A yy Lily Auf 


4 


pee Manager 
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initiated interest in sales activities by all executives 
from the most important down to those with only a 
limited responsibility. It is believed that the Associa- 
tion members are fortunate in having, to a marked 
degree, this active executive interest. 


2. THE NECESSITY OF A WELL ORGANIZED 
MERCHANDISING PLAN 


Every organized business makes some sort of a bud- 
get of what it expects to do in the future. Prepara- 
tion of a merchandising plan is nothing more than 
budgeting future work. The committee solicited each 
member company with a view of having each present 
a copy of their formulated plan for the 1930 activity. 
As usual, answers were not obtained from all of the 
members, but, for the purpose of this report, samples 
are presented of at least two which seem to be very 
complete in all details. A successful plan must: 

1. Solicit executive interest. 

2. Provide a picture of the entire plan. 

8. Contain individual units of activity so that indi- 
viduals may appreciate their personal possibilities. 

4. Contain units of time for concerted effort on par- 
ticular appliance sales. 

5. Provide some sort of incentive to those individ- 
uals whose duty it is to carry out the plan—for ex- 
ample, pictures, charts, games, and other similar visual 
devices for arousnig and maintaining interest. 

6. Provide a method of recording actual results and 
comparing them with the budget or quota. 

Samples of the merchandising plans of two North- 
west companies are given in the illustrations accom- 
panying this report. In the first 19 illustrations are 
shown the pages of the 1930 Merchandise Plan Book 
of the Pacific Power & Light Company. The remainder 
of the illustrations depict the 23 pages of the Plan| 
Book of the Portland Electric Power Company. 























“The 1930 program calls for even 
more intensive activity” 


I am indeed gratified to observe the splendid showing made in 1929 by this company in 
merchandising. You accomplished what you set out to do, which was not an easy task and the 
results have been very beneficial to the company, both as to future revenue as well as merchandising 
profit 

The 1930 program, as outlined in this Quota Book, calls for even more intensive activities 
ook for increased business is most encouraging and as you have already demonstrated 
bil to de big things I am confident that the new goal will be reached 
It is a great satisfaction to me to be at the head of one of the best chandising organizations 


in the industry 
7 President 


‘Concentrate on more intensive 
load building appliances”’ 


The entire organization of Pacific Power & Light Company has every reason to feel gratified 
over the splendid record made in the merchandising activities of 1929. We not only expect to beat 
this record in 1930 but it is planned that by utilizing a little better selectivity to concentrate on 
more intensive load building appliances. Keeping these two objects in mind, that is, surpassing 


last year’s gross sales record and concentrating on load-building appliances, ll be our main 
merchandising program for the ensuing year. at and: 
- President and ‘ , 


“Boost K. W. H. sales in 1930" 


There is more at stake in our merchandising than gross sales records. This activity is oor 
principal instrument for increasing use of electricity in and around the home, the big market. We 
have largely eliminated sales obstacles from our residential rates and residential use is growing 
rapidly Nationa) statistics indicate that the average kilowatt hour sales per residential customer 
increased from 447 in 1925 to 507 in 1928—only 13 per cent in 3 years. Pacific Company residential 
gales increased from 459 kilowatt hours per customer in 1925 to 994 kilowatt hours in 1929—116.5 
per cent in 4 years What can we make the average in 1930, and later? 


Quilt T, Kecle 


Assistant General Manager 






“Carry the sales enthusiasm of 1929 inte 1930" 


‘Let us carry the sales enthusiasm of 1929 over into the new year, that we may attain the 
two important objectives of the merchandising campaign—load building and net profits. Much of 
this year's expected revenue increase is dependent on the growth of load building electrical mer- 
chandise sales. Sales activities extend the range of public relations effort and afford an added 
means of closer and continuous contact with the customer. 









Assistant General Manager 
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It is strongly urged that each member company pro- 
duce, prior to the beginning of each year, a plan of 
activity for a twelve-months’ period. This is mechan- 
ical, to be sure. However, when presented to the direct 
selling organization, it is the means of creating the 
necessary perspective, pointing out to each salesman 
his job in attaining the required result. 

Some method of co-ordinating the sales plans of 
adjoining member companies has been recommended 
as being important. It is suggested that sales execu- 
tives meet for this purpose before the beginning of the 
new year in sufficient time to complete the plan and 
fit it into the individual company program for the 
year. Thi; should result in concurrent advertising and 
eliminate differences in offering the same merchandise 
to the same customer from two sources at a variation 
in price. 

From the results of the committee’s questionnaire, it 
is evident that sales executives of some of the smaller 
member companies either have not found it necessary 
or do not have the facilities for preparing a merchan- 
dising program. A meeting of sales executives would 
provide a school for these men and, certainly, would 
react to the advantage of those companies which do 
have a sales plan by making possible the larger and 
more expansive application of merchandising programs 
for the Northwest. 

Another problem which requires somewhat closer co- 
ordination is that of quoting the sales price. It is evi- 
dent and perhaps necessary that each company have 
a method of announcing installment sales. Therefore, 
it would seem of considerable value for companies to 
quote cash prices and have all merchandise priced uni- 
formly with the cash price. Since most standard mer- 
chandise is sold at a uniform cash price, it is sug- 
gested, in the preparation of advertising, that the cash 
price appear at least somewhere in the copy if any 
price is displayed. If member companies that produce 
a merchandising plan would present it to dealers so 
that they might tie-in with the program, the initial 
move on the part of the utility certainly would be 
evidence of fair play. Manufacturers of merchandise 
can go a long way in supporting this sort of program 
by assisting. utilities in formulating merchandising 
plans and submitting the same type of plan to other 
dealers. 


8. SOME ESSENTIAL FACTORS WITH REFERENCE TO THE 
MERCHANDISE ITSELF 


Clothing manufacturers have succeeded well in plac- 
ing before their market the slogan “Dress well and 
succeed.” Dressing well does not contemplate wearing 
lavish garments, but certainly does mean wearing 
those that are clean, neat, ‘well fitting, and substantial. 
Of course, it does not follow that all people that dress 
well succeed; but it is generally true that people that 
play a successful part in their community life, are 
reasonably well dressed. It appears, therefore, that 
the store in the community, if well dressed, represents 
some degree of success in the community. The store 
front of the utility is indeed its face and may appear 
smiling, open and friendly; or mean, crowded and un- 
friendly in just the degree to which attention is 
given it. 

It is possible in the larger communities to provide 
good store fronts, well dressed, where the larger or- 
ganizations have employees whose specific duty it is to 
attend to window and store displays. In the smaller 
communities this duty is delegated to some employee 
as part time work, necessitating some training for 
these individuals. A few member companies have win- 
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APPLIANCE JAN. | ; a MAY 


| 


RANGES $ 9,100 00) $18,200 00) $ 45,500 00|$ 67,886 00|/$ 67,886 00. $ 58,240 00) $20,020 00 





faecal coed 
| | 


REFRIG- 


| JUNE 


| | 


| | | 
ERATORS : 5,328.00] 14,800.00; 51,800 00| 67,488 00) 67,488 00) 


| 
WASHERS | 28,875 00 00} 13,125 00) 


l | 


IRONERS 1,700 10,200.00 00) 4,420 00) 2,740 00} 


| 
RADIOS 13,050 9,787.50 


VACUUM 


CLEANERS 1,200 4,400 00) 5,200 6,000 00 3,000 00} 2,000 00) 


7,875 00) 


ene 


7,875 00) 
2,720 00| 


4,567.50| 3,915 00} 3,262 50) 


LAMPS 2,125.00} 1,875 00) 1,875 00) 1,875 00) 1,875 00) 1,500 00) 


WATER 


| 


HEATERS 407.00 418 00 825 2,057 00 3,080 00 


WAFFLE IRONS 840.00| 3, | 1,696 320.00) 





| 
| 








TELECHRONS | 1,350.00 540. 00) 540 00 








240 00 


224 00) 


| 
540 00 


PERCOLATORS 900 00| 297 00 00) 4,140 00) 1,800 00 360.00 


FLAT IRONS 600 00 


COOKERS 90.00) 135 


TOASTERS } 255 00) 2,295 00) 722 50 255 00 340 00) 





} . -—- _ 
| | 
| 





| 
| 
SPACE HEATERS 300 00) 250 09| 100. 00) 


CORN POPPERS | 1,200.00] 450 od 150 00) 120 00) . .. 


| 
1,950 00 1,050 00) 


| 
180.00 270 00 3,150 00) 


| 


100 00 150 00 500 00} 


- 
3,091 00 


System Quotas by 
Months in Dollars 


JULY | AUG. 
oa / | 


$2,096 00) 23,384 00 


|$ 16,380 


SEPT 


00| $12,740 00/ $12,740 00| $26,208 


14,504 


7,875 00} 26,250 00| 47,250 
| a _ _ 


| 
2,720 00} 


| 


7,480 00} 14,280 


2,610 00| 3,262 s0| 6,525 


1,600 d 1,600 60) 
- —} 
£,500 ool 1,500 00) 


| 
2,640 00} 902 00) 


| 
184 00) 224 00 


315 00} 360 00! 
_ } a 


750 00} 1,800 00) 


1,800 00) 


340 00} 340 00) 


2,400 00] 1,200.00 


1,200 


4,000 


00} = 1,350.00 


300 


150 


TOTALS a $42,459 00|$75,689 50|$90,921 00|$136,007 00/$163,044 00/$161,986 50/$135,070 00)/$88,862 50| $108,582 


| 
00} 


| 


5 00 


00) 


ocT. 


6,120 00) 


279 00} 





135 00 


32,625 00 


NOV. | DEC. | 


| 


21,000 00} 7,875 00) 7,875 


2,720 00} 2,720 


4,000 00) 3,875 


$72 00; 1,188 


1,744 00) 1,208 


| 


1,350 00) 2,700 00 





297 00} 1,494 00 


570 00) 1,050 00) 


135 00| 405 00 


340 00) 340 00) 


250 00} 2,125 00 


150 00 


225 00 


| 


00} 


13,050 00) 


1,600 00) 3,000 


—s 
| 


722 SO 


200 00 





1,425 00) 


705 00) 


TOTALS 


$ 364,000 00 


325,600 00 


oo 210,000 


130,500 


o| 68,000 


32,000 00 


30,000 00 


- 


16,500 00 


14,400 00 


10,800 00 


10,800 00 


10,800 00 


7,200 00 


6,800 00 


—E— 


5,000 00 


1,000 0U 


3,000 00 


00/$93,.763 00|$76.910 00) $76,705 50) $1,250,000 00 
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Quotas by Districts 


District 


plators 





vokers 


Telechrons 
Fiat Irons 
Toasters 


| Pere 


c 


ASTORIA 


= 
2 
3 
. 

& 
> 


BEND 


DAYTON 


> 


ENTERPRISE 
GOLDENDALE 
GRANGEVILLE 


HOOD RIVER ? 116 


LEWISTON 162 


PASCO -KENN ? 116 


PENDLETON ? 116 61 


| 
POMEROY 3 19 


PROSSER | 39 24 


SEASIDE « 


25 


SHERMAN 18 33 


SUNNYSIDE a6 44 4s 5.100 7 2} 


THE DALLES 61) 6! so} 61 6,900 28 | 
TOPPENISH = [117/ 61/116! sa! 61 | 6,900 3| 2s | } 33} 


WALLA WALLA 115 | 200 | 100 | 80} 91 | 12,000 1 47 | so| 92 
| | 
17,700 oo 175 | 7 69 | 132 


YAKIMA | 296 | 151 | 286 | 138 | 101 | 110 


TOTALS | 2,000} 1,100) 2,000) 1,000] 1,000} 800 | 120,000) 1,500) 1,800] 400 |1,200 


| 
500 | 920 }1 
} } 
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100 


138 









District Quotas and 
Past Performances 











DISTRICT 


ASTORIA 
BEND , 
DAYTON 5 
ENTERPRISE 
GOLDENDALE 
GRANGEVILLE 
HOOD RIVER 
LEWISTON 
PASCO -KENNEWICK 
PENDLETON 
POMEROY 
PROSSER 
SEASIDE 
SHERMAN 
SUNNYSIDE 


THE DALLES 






TOPPENISH 
WALLA WALLA 
YAKIMA 


TOTALS 









1928 
Sale 


$ 29,049 
104,066 
24,698 
35,956 
18,828 


31,894 


14,265 


7,128 


28,886 


37,647 





66,194 


78,517 


$792,071 


60,826 .5 


64 


95 


78 


87 


00 


30 


91 


08 


09 


98 


35 


43 


49,6125 


98 


$ 39,647 
105,206 
38,185 
42,224 
; 24,662 
40,044 
46,385 
87,120 
70,565 
56,160 
11,423 
21,321 


19,236 


76,681 
62,279 


106,833 





24 


06 


61 


22 






$1,072,605 5 


193 


Quota 
$ 69,122 
84,239 
47,771 
40,840 
19,801 
51,339 
72,338 
101,189 
72,554 
72,378 
20,806 
24,531 


26,904 


72,605 


124,139 


171,389 


50 
00 
00 
50 
00 
50 


50 


50 
50 
00 


50 


50,104 5 





55,607 5 


50 






72,338 5 





50 





00 
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and Increase Annual Revenue 
for the System 


ESTIMATED 
| TOTAL ANNUAL 
REVENUE 


2,000 | 1,s00 | , |  $ 90,000 00 


1,100 | ; | 22,000 00 


2,000 2,400 00 


1,000 6,250 00 


1,000 


7,500.00 


00 / 1,200 00 
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Residential K. W.H. Sales Statistics 























K.W.H Sales Average Revenue — ogee } ygenng 
DISTRICT ‘soma | Sener a Bi, 1999 __|_ Dec. 31, 1999... 
year ending year ending of & of 
Oct. 31, 1929 Oct. 31, 1929 Number Res. Cust} Number |Res. Cust 
ASTORIA 364 $29 46 9 3 150 
BEND 1971 4 37 98 554 1 23 
DAYTON-WAITSBURG 1091 ri 34.69 187 . 9 
ENTERPRISE 1386 38 42 165 6 180 19.0 
GOLDENDALE 710 30 92 38 8 64 81 178 
GRANGEVILLE 1022 38 13 165 6 131 96 
HOOD RIVER 1578 41.77 262 14 368 6 
LEWISTON 979 36 69 466 11 18 830 9 
PASCO-KENNEWICK 1201 39 42 o 296 4 26 464 
PENDLETON 715 30 67 105 4 wx 184 
POMEROY 1213 36.43 87 719 99 199 
PROSSER 1259 38.11 103 17 63 136 
SEASIDE 349 29 84 7 68 58 
SHERMAN 972 41. 66 132 10 82 184 
SUNNYSIDE 994 37 41 187 li 333 
THE DALLES 7 1616 39 89 419 20 87 563 288 
TOPPENISH 1201 39 33 245 8 418 19 8 
WALLA WALLA 643 30 10 230 4 30 $29 i 
WHITE SALMON 1216 38 18 57 $ 32 78 0 9 
YAKIMA 7O4 32 93 774 142 
AVERAGE 994 $35 00 4488 1 9 6875 
| 
} 
\ 
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Average Annual K. W. H. Sales 
per Residential Customer in 


Compared to Entire System 


1920 1921 en 923 19.4 1925 1926 27 1928 1929 §©1830 





System curve is in black 
Your district curve is in red 
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5 Ra fob ee 


APPLIANCE 
Ranges 


14,560 |00 





Refrigerators 


Washers 

Fiat Some ug” Sn 
Radios 

Vacuum Cleaners 
Lamps an 

Water Heaters 

Wate Erone 


Telechrons 


Flat ons 


Hot Plates 
Space Heaters 


Corn Poppers 





14,604 [00 


2,856 |00 


6,611 |6 


1,440 }00 


1,125 |00° 


600 loo 


3.00 


Total 51,339 0 
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Do 


® fNat5sles fob fee 1989 


and Increase 
Annual Revenue in w11:-0:17mDistrict 


|Estimated| 
APPLIANCE 


Ni 80 Ranges a | 


49 r Satiguesere 
78 Washers P 
42 | Ironers 

43 ry 

36 


60 


Toasters 
Space Heaters 
Corn Poppers 


Hot Plates 


| Annual |  Retimated Total Annual ESTIMATED 
K. W. H. Consumption ANNUAL REVENUE 


394, 712 





® Fuses {6b fea }990) 


ouans-erno | 4Salesometer 


200 
To End of QUOTA SALES % 


Actual 
January $ 1,484.00 1,675.53 Sales 
















’ 175% 
February | 2,984.00 | si2rssst 
2 months | 4,468.00 4,129.29 : 












aaa ————}. 







March 3,925.00 
3 monthe | 8,393.00 | 150% 


ir. | 









elie - 
$ 3,600.00 
980.00 





April 5,832.50 | 
4 months 14,225.50 






93.60 


May 6,745.00 | 
5 months 20,970.50 





262.50 















322.50 





June 6,810.75 | 
6 monthe | 27,781.26 December - - 


54.00 


1,080.00 





poop = 


} 

July | 6,527.75 | October ae 87.7% 
7 months | 33,309.00 | ta 

Cheadle ccna a ll teateahih: a -s 80.2% 


August 3,568.25 August = - - 71.58% 
8 months | 36,877.26 | 


oa Ce =) ti ae 7 July 
September 4,402.00 ns 
9 months | 41,279.25 June - - - - D 















4.5% 


December | 2,951.75 Pebramy 
51,339.50 








TOTAL § 7,328.60 


Page 15 of Pacific Power & Light Company’s 1930 Page 16 of Pacific Power & Light Company's 1930 
Merchandising Plan Book Merchandising Plan Book 





| is | 


Total | 





















Quota } 
REFRIGERATORS - — 


Sales 


Quota 
Sales 






Quota | 
WASHING MACHINES 
Sales | 
Quote 
Sales 

Quota 

Sales 





Quota 1| 5 | 6 | 
VACUUM CLEANERS - 


Sales a 











Quota 1 





WATER HEATERS 


WAFFLE 


IRONS 


TELECHRONS 


PERCOLATORS 


FLAT IRONS 


TOASTERS 


HOT PLATES 


SPACE HEATERS 


CORN POPPERS 





Jan. | Feb.| Mo. | Mar 


S fWauiss deg job a2 1980 Quotas and Sales by Months 








280 | 













| 4 ae 6 | } | } 1 | n | GRAND 
Mo. |may| Mo. |June| Mo. | July | oct. | Mo. |Nov.| Mo. | Dec TOTAL 
Total Total | Total | Total Total | 










880 |280 1160 | 280 
















5s| 9 12} 12] 2a 12] 36] 9] 
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GRANGEVILLE-ORIFINO DISTRICT 
Monthly Standings for 
President's Balanced Sale Prize 


| Points | Points | Points | Points | Points Points | Points Total 


Points Points 


APPLIANCE made to | made to | made to | made to | made to | Pee to | made to | made to | made to | made to | made to Points 
Jan. 26 | Feb. 26 | Mar. 26 | Apr. 26 | May 26 | | June 26 | July 26 | Aug. 26 | Sept. 26 | Oct. 26 | Nov. 26 for Year 
| 


} 





REFRIGERATORS | 1000 





‘WASHERS 


TRONERS | 








‘VACUUM CLEANERS | 2 














"WATER HEATERS 





“WAFFLE TRONS 


| TELECHRONS 


PERCOLATORS 








FLAT IRONS 


| COOKERS 





| TOASTERS 





| HOT PLATES 
| SPACE HEATERS 
| CORN POPPERS 








Total 
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dow displays prepared by experts and photographs of 
these displays sent to outlying districts for guidance. 
ae em en T\ K&\\. (2 This is an expensive process if the displays are not 

S Neutss dies job for 1930) used effectively, but serves the purpose if used properly. 
a af eG 4 = Since the appearance of the utility is at stake just 

as much in the smaller community as in the larger 

Sales Picture for «= community, and perhaps to a larger degree, it is urged 
that more attention be given to window displays in the 
smaller community. A good store display not only 


ORE wo 


APPLIANCE UOTA SALES + + ; i i 
a serves to present merchandise effectively but indicates 
Ranges 910) 00 ous ° ° 

“ to the customer that the utility has a businesslike 
Refrigerators 592 . . ° ° . 

oe interest in merchandising and should leave the impres- 
Washers » 158 ( 


sion that the utility backs up its sales with compar- 
able service. 

Demonstration of appliances should tie in with the 
advertising program so that the customer may have 
some knowledge, before coming to the store, that such 
an appliance is on sale. It is necessary, therefore, to 
have demonstrations located in the most accessible place 
so the customer will find it convenient and interesting 
to stop and get the entire story. Demonstrations should 
be located and so arranged that they will provide an 
interesting picture to the casual observer. The person- 
ality and the sales methods used by the demonstrator 
are of considerable importance and, wherever possible, 
the demonstrator should permit the prospective cus- 
tomer to demonstrate to himself and perhaps visualize 
himself using the article in his own home. 

The committee has given some thought to standardi- 
zation of models. Most member companies have adopted 
standard merchandise and carry, principally, one or two 
Page 19 of Pacific Power & Light Company's 1930 lines. Benefits in having few models of any particular 

Merchandising Plan Book appliance are: a smaller stock; elimination, to some 


/acuum Cleaners 
Lamps 

Water Heaters 
Waffle Irons 


Telechrons 


Hot Plates 
Space Heaters 


Corn Poppers 
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extent, of obsolescence; and concentration of effort in 
the actual sale of the appliance. There, of course, are 
situations with respect to the larger appliances in 
which the sale is predicated upon space. It is necessary, 
therefore, to have different sizes. But in some in- 
stances, it has been found that the customer still has 
a choice between several models of the same size. The 
manufacturer can aid materially in standardizing 
models and sizes, and the utility also can assist by pre- 
paring a program based upon the sale of standard 
sizes and models. The mechanical structure of appli- 
ances also should be so standardized that replacements 
can be made easily and from the utility’s parts stock. 
Standardization here means much in service to the 
customer. If appliances have odd parts requiring de- 
livery from factory, service to the customer is greatly 


impaired and the cost to the utility is considerably 
increased. 


4. THE PROBLEM OF EMPLOYEE PARTICIPATION IN THE 
MERCHANDISING ACTIVITY 


This is a subject which was discussed as part of last 
year’s report, and actual results obtained by several 
member companies are evidence that some good has 
been accomplished. Several plans to enlist the support 
of employees in the merchandising program have been 
tried. In some of the smaller communities where full 
time salesmen are not employed, it has been necessary 
to solicit participation of operating employees. Here 
it is easy to appeal to the personal interest of the em- 
ployee because he gets full credit and recognition for 
his efforts. In the larger organizations, the sales job 
represents, in general, the efficiency of the sales depart- 
ment. Since the sales department obtains credit for 
the result, it is its obligation in some way to solicit per- 
sonally the interest of employees. Every employee will 
participate in the program in some degree if his im- 
mediate superior shows interest in it and, here again, 
may be seen the importance of executive interest in the 
merchandising plan. It is well to provide special em- 
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PORTLAND ELECTRIC POWER COMPANY 


GENERAL OFrice 


ELECTRIC BUILOING j 


328 ALDER STREET 


January 2, 1950 PORTLAND, OREGON 


To Company Employees: 


During the year 1929 a new plan for 
our merchandising activities was set up and tried out. 
Our experience with it prompts us to continue along similar 
lines this year. This booklet has been pr pared for the 
purpose of outlining to you oir aims and ambitions for the 
year 1930. 


forms the basis of the year's work. 


A series of sales campaigns, as you will note, 


Much care and attention 


has been given to wrking up the information set forth, and 
it is hoped it will prove to be of assistance to you. 


| Only by each and every employee knowing 


and intelligently carrying out the part assigned to him or 
her and cooperating as a unit in our organization can we 


expect to achieve the goal set. The success of our merchan- 


dising efforts in 1930 and the increase in kilowatt hours 
resulting therefrom will automatically help take up any slack 
there might be, due to decrease in the building program, 
Therefore it is particularly important that we all put in 
our best endeavors in making this year's work a success, 


I expect your hearty support. 


BCLLM 


Vice President 
Hanns SSS SS 
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ployee commissions for individual sales resulting from 
prospects which have been turned in to the sales de- 
partment, but this plan can have little effect if it is not 
personally followed through by an individual of the 
sales department. 


It is suggested that every employee be assigned to 
some salesman whose duty it is to sell the employee on 
the sales plan. This should produce sales for salesmen 
and commissions for employees, both of which are de- 


















Port.ano. OREGON 
January 9, 1930. 


FRANKLIN T GREET 
Pnts cent 


Mr. A. C. MoMicken, 
General Sales Manager, 
Building. 





Dear Mr. MoMicken: 


The plan to increase our merchandising 
activities during this year without materially 
increasing our selling organisation appeals to me 
because, if the quotas established are to be 

reached, employes in all departments will have to 
assist those actively engaged ia merchandising by 
developing live prospects for our selling organization. 
This should be done as a part of their work in their 
daily contacts with our customers, their friends and 
acquaintances, 


The use of electricity in the home is 
developing steadily to the mutual benefit of our 
company and its customers, This increased use is 
largely brought about by the more general use of all 
manner of labor-saving devices from electric ranges 
to the smaller lamp-socket devices. 









I shall watch the progress of these 
campaigns with interest and sincerely hope that at 
the end of the year I will find that more than 
3700,000 of merchandise has been sold. 






Youre very tr ° 


President. 
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PORTLAND ELECTRIC POWER COMPANY | 
Genenar orrices 


ELECTRIC BUILDING 


320 ALDER STREET 


January 2, 1950 PORTLAND, OREGON 


Members of the Pepso Pamily. 
Dear Friends: 


Increasing residential revenues by selling al] manner of labor-saving 
electrical appliances is a major commercial activity and not merely incidental 
to the conduct of our business. Although the average number of kilowatt hours 
ased annually by our residential customers is now high, a very large percentage 
of these customers have not yet been made to realize that electrical servants 
are the cheapest and most efficiet that can be employed. 


This is a task in which every employe, and not merely the members of | 
our Comercial organisation, can and should take part. Im selling the idea of 
the use of labor-saving electrical appliances to our customers, we are doing 
them a real favor and can take pride in every sale made. 


Our 1950 merchandise sales bogey of $700,000, while appreciably greater 
than our gross sales for 1929, can and will be reached by hard work and the same 
fine spirit of cooperation by employes in all departments which has existed 
during the past year. Definite quotas for both major and minor selling campsigne 
are set forth herein for each month of 19350. Make good on each monthly quota, 
and the annual quotas will take core of themselves, 


Remember that in securing prospects or in making sales you are an in- } 
tegral part of an organization which for more than forty years has rendered an 
essential service to the public and has established an enviable reputation for 
fair and honorable dealing with its customers. 


Our newly installed “Home Service” representative plan will give intro- 
duction te and insure regular contact with our customers; which will not only 
make it easier to make sales, but will also provide the opportunity to better 
public relatians. 










Our bogey of $700,000 of merchandise during 1930, with more than 
83,000 residential customers for prospects, will be a comparatively easy task, 
if all employes will help by sending in the names of prospects and by talking 
up the suallest-salaried “hired girl" mown to history--ZLECTRICITY. 


Yours for $700,000 J 
/ Ml 
Lez: gate _ 
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PORTLAND ELECTRIC POWER COMPANY 
GEnaRar. orrices 
ELECTRIC BUILDING 


329 ALDER STREET 
PORTLAND, OREGON 


Jan, 10, 1930 


Members of the Pepco Family: 


We have set forth @ definite sales goal of $700,000 
for 1930, 


We have assigned to each district what we believe to 
be a fair, reasonable and obtainable quote. The yearly plan has 
been separated into appliance sales by months, so that you can 
readily check your progress, 


Your fine cooperation and splendid record in many of 
the campaigns of 1929 enabled us to close the best merchandising 
year in our history, but we have only started, 


With our KARDEX system installed, definite major and 
minor campaigns outlined for each month, more attractive merchan- 
dise available than ever before, a strong and efficient advertising 
program supportiug you, I feel sure that you will put the ball be- 
hind the goal. 


Yours very truly, 
‘ - A. KUMLER, 
Merchandise Manager 
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YOUR JOB 


for 


1930 


Fy Alder near Broad: 


Portland Electric Power Co. 
Electric StoreElectric Bldg- fe way-Portland. Orego 


Portland, Gresham, Oregon City, A St. Johns, St. Helens, Hillsboro 
Salem - and Vancouver, Wash. 
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sirable. Employees should be kept thoroughly informed 
of the progress of the merchandising plan and thereby 
maintain an active interest. One company requires 
that a salesman call at the home of an employee after 
working hours and explain the plan to his entire family. 
Any prospects which have been turned in by an em- 
ployee or his family are acknowledged personally by 
the salesman. 

Participation by any employee in the merchandising 
program improves the utility public relations for the 
reason that, if the employee attempts to make sales to 
any of his friends, he presents the company in its best 
light. The employee improves himself by learning 
salesmanship and, in the end, becomes a very intelli- 
gent representative of the company. This committee 
recommends an organized plan of employee participa- 
tion for each member company. 


5. THE TRAINING OF SALESMEN FOR PuBLIC UTILITY 
MERCHANDISING 


This subject is more important than any other subject 
the committee has undertaken to study. Too often a 
salesman is employed without much thought having 
been given to his capability. He is sent out the front 
door with a lot of mechanical data in hand, a list of 
prospects, and a word of encouragement from his 
superior to “bring in the bacon.” The minute he leaves 
the front door he becomes a representative of the com- 
pany. First of all, therefore, a salesman should know 
thoroughly the general policies of the company—not 
merely know of the merchandise he is to sell. Many 
times it is necessary for him to interpret company 
policy, and his ability to know his employer’s business 
many times is a determining factor in his ability to 
gain the confidence of the prospective purchaser. 

There are certain general steps in the sale of an 
appliance to the prospective customer and, if un- 
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trained, the salesman is very likely to attempt to create 
a desire in the customer’s mind even before he has 
informed the customer as to the application of the 


appliance, or has aroused any interest in it. 


many other similar examples are evidence of improper 
preliminary training. People in general buy for one of 
seven reasons, as outlined by one authority: 
pride, pleasure, caution, utility, 
Unless the salesman is trained to observe the reason 
the prospective purchaser is interested in the appli- 
ance, he has not placed himself in proper position to 


make the sale. 


As a protection against this fault of organization, 
this committee suggests that more instruction be given 
from time to time by sales supervisors along the line of 
sales methods and analyses of the problems to be met 
in personal contact with prospective customers. 
is a wise plan to use older and more experienced sales- 
men as teachers of new and younger men. 
it is necessary also for the sales supervisor or “Big 
Brother” to go with his salesman from time to time to 
observe exactly how sales are being conducted. 


Much time has been given to production of salesmen’s 
manuals, which prescribe all of the mechanical details 
involved in merchandising and also in setting up the 
mechanical program, specifying sales prices, schedules 
of advertising, and other “mechanics.” These are es- 
sential tools for the salesman to work with, and several 
member companies have done fine work with them. 


Comparatively little, however, has been done about 
the “humanics” of selling. The personality of the utility 
is the composite of the personality of its individual em- 
ployees. Salesmen perhaps are more frequently on the 
premises of the customers than any other class of em- 
ployees. How important it is that they present a pleas- 
ing personality! It is necessary indeed that they have a 
pleasant approach with a cheerful “good morning” or a 


love and ambition. 


How the $700,000.00 is 
divided by Appliances 







MISCELLANEOUS 


WAFFLE IRONS 


PERCOLATORS 
FLAT IRONS 


1,500 Ranges @ $135.00 
200 Refrigerators @ 300.00 
1,200 Home Laundry Units @ 100.00 
1,000 Vacuum Cleaners @ 50.00 
800 Percolators @ 10.00 
1.400 Flat Irons @ 5.00 
900 Waffie Irons @ 10.00 
1,400 Toasters @ 5.00 
202,500 Lamps @ 20 
1,200 Heaters @ 8.00 
600 Cookers @ 10.00 
600 Hot Plates a 6.00 
720 Water Heaters @ 50.00 
100 Pumps @ 150.00 
Miscellaneous 


Total 
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$202,500.00 
60,000.00 
120,000.00 
50,000.00 
8,000.00 
7,000.00 
9,000.00 
7,000.00 
40,500.00 
9,600.00 
6,000.00 
3,600.00 
36,000.00 
15,000.00 
125,800.00 


$700,000.00 


Public Service Company 
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Frequently 


How the *700,000.00 is 
divided by districts. 


PORTLAND 
Division 


07.3% 


Portland - « «+ $471,015.00 
Salem . . 93,813.00 
Oregon City . . ~ 35,523.00 
Gresham ooe « See 
Vancouver . . . . 31,447.00 
Hillsboro see «€ ae eee 
St.Helens . . - 10,712.00 


Total $700,000.00 
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kindly salutation over the telephone. How do you, per- 
sonally, like to be treated when you go into a store to 
Progress Sheet for Monthly Record purchase a necktie? First of all, we are sure you like 
shat BAe i ae Ee ae ee a ee ee ee to be greeted by name, if possible, or at least cheerfully. 
You like to feel, also, that your business is considered 
ee ie Pa ee ee rs very valuable however small your purchase may be. 
——______ If you have some question as to the store’s policy, we 
are sure you like to have it explained somewhat in 
iii Se ee zal detail and with a feeling that it was not too much for 
a ee eel you to ask. You like to do business in the store where 
there seems to be some distinct personality. We think 
suneeuisne <a on |__| Sancti you will agree that this would be an asset to any public 
citacoiseeeaaiinsacaeneieet = utility business. 
We have a right to expect that the mental attitude 
etic SE ae A oe oe oe of the salesman be right. That is, that his outlook on 
nmmapmapnansineesipaganonoeee = life be broad enough to make an intelligent association 
a with many types of people; that he have the right view- 
a tt) point of his job; and that he have some loyalty to the 
cnipiatetieiamceaeell ad SS company he represents. We too often forget that a sales- 
man’s health habits are a determining factor in his 
a, cae eo 8 work. We sometimes say that he is employed only for 
set cries Ru eight hours a day, yet his activities in the community 
outside of business hours very often have a direct re- 
ees ee 7 | 1 re flection on his sales. Frequently, the company is judged 
cc eae by his actions while off regular duty. Indeed, if we 
have a choice in selecting salesmen, we surely expect 
aie) nae 6 Re ick r | to select men who will represent the company well at 
nphiabaaidieaeee ae all times. 


jan. | Feb. | Mar: | Apr. | May | June | July | Aug. | Sept. | Oct. | Nov. 


REFRIGERATORS 


VACUUM CLEANERS 





FLAT IRONS 


TOASTERS 





HEATERS 


HOT PLATES 





PUMPS 


TOTALS 


SUMMARY 


In order, therefore, that we may draw some definite 
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SALES QUOTAS BY APPLIANCES 


Electric Ranges Total Quota 1,500 


MAR. | APRIL MAY 























OREGON CITY 
GRESHAM 











VANCOUVER 





HILLSBORO 





ST HELENS 


TOTALS PER MONTH | 














TOTALS FOR 1930 BY DISTRICTS 


Portiand 1,085 Salem 166 Oregon City 66 
Gresham 47 Vancouver $1 Hillsboro 63 St. Helens 22 
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1. That every merchandising unit of the association 
have a concrete plan containing all of the essential 
elements to make it properly balanced. 

2. That more particular attention be given the prob- 
lem of salesmen training with special emphasis upon 
“humanics” rather than “mechanics.” 

In addition to the above, it is recommended that the 


association continue to encourage a keen interest in 
commercial activities from operating executives; that 
some attention be given to the window displays of 
merchandise and to the standardization of sizes and 
models of merchandise; and that each member com- 
pany systematically organize the efforts of operating 
employees towards participation in sales activities. 


POWER BUREAU’ 


Commercial Cooking 
and Baking* 


N LAST year’s report the committee showed the 

potential market for heavy duty cooking and baking 
equipment. In this year’s report we shall attempt to 
show some of the many questions met with in procur- 
ing this type of load. 

It is an apparent fact that there is a wide field open 
to the central station that at present is not actively 
seeking this admittedly desirable load. Desirable be- 
cause it produces substantial additional revenue at the 
average rate of $24 per kw. connected per year in this 
geographic section where there is a saturation in com- 
mercial cooking of less than 2 per cent. 


COMMERCIAL COOKING 


Initial Cost—Initial cost of heavy-duty electric cook- 
ing equipment is approximately three times that of 
equipment using other types of fuel. 

In installations of $1,000 or more this cost is not a 
serious obstacle if the financing plan of the company 
or the kitchen supply house is such that the account 
can be carried over a reasonable length of time at a 
moderate carrying charge. 

Replacement of Used Equipment—Attempts to 
replace other types of fuel equipment as yet have met 
with little success. This is due in large part to the 
fact that no adequate plan for the disposal of used 
equipment of other types has been worked out. “Trade- 
ins” are not desirabie from the central station stand- 
point and few concerns will install new equipment 
without some allowance for the old. 

No strictly ethical solution has been advanced to 
cope with the “trade-in” situation other than direct 
“trade-in allowance” as has been practiced in the past. 
It is the opinion of the committee that this particular 
phase of this grave problem demands co-ordinated and 
careful consideration to the end that we receive our 
rightful share of this replacement business. 

Wiring Costs—Wiring costs, in some instances and 
under certain conditions, form a serious problem. An 
instance to illustrate this point is reported by one 
central station: 

A customer, with whom the local gas company had 
been working, was sold electric equipment. The gas 
company had run 260 ft. of 2-in. pipe, without cost 
to the owner, to reach the kitchen. When electric 





?J. D. Scott, Pacific Northwest Public Service Company, 
chairman, 


* Report of the commercial cooking and baking committee. 

A. B. Chambers, Pacific Northwest Public Service Company, 

chairman. 

Edison General Electric Appliance Company: C. J. Anderson. 

Puget Sound Power & Light Company: William Clancey, 

Rainier Electric Oven & Equipment Company: T. C. Reic- 
hardt. 

Utah Power & Light Company: G, P. Traynor. 

The Washington Water Power Company: Carl Hoffman. 


Westinghouse Electric & Manufacturing Company: Cc. L. 
Weaver. 
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equipment was ordered, the cheapest bid obtainable for 
wiring was $50. Adding this to the price of the 
equipment, the total cost of the electric installation 
was $1,829 against a total of $495 for gas installation. 


BAKING LOAD 


Baking load is in much better condition, as far as 
electric installations are concerned, than the cooking 
load. The saturation has reached approximately 30 
per cent. The initial cost of small ovens is on a parity 
with ovens using other fuels. Large ovens, especially 
the traveling type, in many cases are lower in price 
than the same type of oven using other fuels. 

Competition—Manufacturers of competitive types of 
fuel ovens have come to the realization that the elec- 
tric oven is a real factor in the baking industry. 
Keener competition may be expected in the future from 
these sources. This will be especially noticeable from 
gas- and oil-fired types. 

Also it is rumored that the manufacturers of oil-fired 
ovens and some of the large distributors of fuel oil 
are lining up a campaign for this year for a concen- 
trated effort on bakers. We have an accurate report 
of one bakery using a traveling tray-type oven, oil 
fired, in which bread is being baked for a fuel cost of 
50 cents per 1,000 Ib. 

One gas company is making bids for this business 
guaranteeing the full cost won’t exceed 80 cents per 
1,000 lb., and from its rates it appears that it is per- 
fectly safe in quoting this figure with the probability of 
cutting it at least 10 per cent on any job with large 
production. 

Competitive Advertising—The Pacific Coast Gas As- 
sociation has instituted an advertising campaign which 
has been well under way for the past year. A de- 
termined drive is being made by that association in con- 
junction with one of the large manufacturers of gas- 
fired traveling ovens to secure any traveling oven busi- 
ness which may develop. A determined attempt also 
is being made by certain manufacturers of competitive 
types of fuel ovens to replace electric ovens with those 
of their own manufacture. 

While these efforts have been successful only in a 
few isolated cases, these instances have been broadcast 
by advertising of a rather unethical nature. 

Investigation of several of these cases reveals the 
fact that while the figures quoted are correct, they are 
presented in a misleading manner. In one instance the 
electric oven was replaced by a wood-fired oven of much 
smaller capacity and the shop had reduced its produc- 
tion more than 50 per cent. 

In another instance an electric oven was located in a 
community where a 4-cent electric rate was in effect 
for this type of load. Later oil was struck in the 
vicinity and the natural consequence was that cheap 
oil replaced the electricity as fuel. 

In none of this type of advertising is any reference 
made to electric rates, the total bill being the only thing 
mentioned and this only in cases of extreme differences. 
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We have yet to find a case mentioned in any locality 
where fuel costs are comparable with electric rates. 

We do not wish to stress this point too strongly, but 
it must be conceded that if this advertising is continued 
without any attention on the part of the electrical in- 
dustry, in time it will have a demoralizing effect on 
this type of business. 


SUMMARY AND CONCLUSIONS 

From the study we have made, our conclusions and 
suggestions are as follows: 

1. Prices of heavy-duty cooking equipment should 
be lowered to attract this type of load. 

2. Concessions from the merchandising profit should 
be made where necessary to cover high wiring costs 
or trade-ins on used equipment. 

3. Adequate financing of installations 
offered. 

4. Rates that will attract this type of load should be 
put into effect. 

5. An advertising program by the association similar 
to that used by the Pacific Coast Gas Association should 
be worked out in the trade journals in this territory. 

6. Continual contact should be made with customers 
using electric equipment to offset competitive propa- 
ganda issued. (One central station reports that favor- 
able results have been obtained through monthly visits 
by its specialists to each commercial fuel prospect.) 

7. Continual education of customers and prospects 
in the advantages and savings of electric cooking and 
baking and the economical use of them should be under- 
taken. 

8. Close co-operation between central station special- 
ists in the exchange of data and ideas in this line of 
endeavor should be obtained through an occasional 
round-table discussion and through correspondence. 

In the final analysis, strict co-operation between the 
central stations, the kitchen supply houses and the 
manufacturers will be a big factor in increasing sales 


volume and will reflect in added revenues and profits 
to all. 


should be 


Industrial Heating* 


OW many companies really know the magnitude of 

the industrial heating load that is available as 
potential load now in existence along their lines, not 
one that may or may not develop? It is safe to say 
that few companies have this information. 

The reason why they do not have this information 
seems to be that few intelligent canvasses have been 
made to determine such potential load. Further, that 
load is to a certain extent in a state of flux. New 
processes requiring electric heat continually are being 
developed and new equipment requiring the use of elec- 
tric heat is being perfected. Only within the last month 
has an electric furnace for melting aluminum been 
perfected. 

Some of this electric heating load can be obtained as 
off-peak business and hence is highly desirable. All of 
it is not only high-load-factor business, but also operates 
with high power factor. 





* Report of the industrial heating committee. T. M 
Puget Sound Power & Light Company, chairman. 

Idaho Power Company: J. B. McLain. 
Mountain States Power Company: Z. E 
Northwestern Electric Company: B. N. Peterson. 

Pacific Power & Light Company: W. H. McMurray. 
Utah Power & Light Company: G. B. Walker. 
The Washington Water Power Company: E. E 


. Gibbes, 


~. Merrill, 


. Schofield. 





ADVANTAGES TO THE USER 


The advantages of electric heat to the user are many. 
It is highly efficient, it is simple to apply, close auto- 
matic temperature control can be obtained, it is safe 
when properly applied, and it is clean. 

Manufacturers always desire to obtain a better pro- 
duct at a lower cost, and this usually can be brought 
about by the use of electric heat. There are no varia- 
bles in electric heat. The human factor, always to be 
reckoned with when fuel is used, is displaced by ac- 
curacy that is absolute, because automatic. 


Economies that result from the use of electric heat 
are four-fold: 


1. Reduction of rejects. 

2. Minimizing of required factory space. 

3. Reduction in amount of labor, and creation of bet- 
ter working conditions. 

4. Reduction of fire hazard. 


It is obvious that perfectly even heating, at ascer- 
tained correct temperature, will result in a product 
most likely to comply with standard requirements. 

Electric heating equipment usually occupies a much 
smaller area than that taken up by fuel-fired types, 
where space is required for fuel storage, piping and 
other related apparatus. This saving of space is the 
more valuable because the comparatively slight radia- 
tion from an electric furnace allows other processes to 
be carried on close by and in entire comfort. 

Electric heating also turns out material that can be 
further worked at the least expense. Metal that is to 
be machined, for example, can be cut only as fast as 
the hardest parts permit. These hard spots, which slow 
up work, do not appear after electric annealing. 

Men work best when they work in comfort. Radia- 
tion from the electric furnaces is so small that it does 
not interfere with correct working conditions, even close 
at hand. There are no fuel gases to escape; the air and 
surroundings stay clear and hygienic. 

Fire hazard, an ever present threat of financial loss 
and sustained production, need never be a source of 


worry when electric heating equipment is correctly in- 
stalled. 


METHODS OF SECURING THE LOAD 


The first step to be taken toward getting a heating 
load is to make an analysis of the field. Up-to-date 
and reliable information on potential heating loads will 
make possible the setting up of quotas. Establishment 
of quotas serves as an excellent stimulant to the sales 
effort. 

With the surveys completed and the results analyzed, 
the next important step is to formulate a definite plan 
of getting the load onto the lines. The sales plan 
will vary in different localities, but there are certain 
lines that can be followed with considerable success 
in practically all cases. Statistics which have been 
gathered during the survey have little sales value until 
they are tabulated, co-ordinated and clarified into com- 
prehensive reports to the individual industrial plants. 
Such reports should cover present costs on heating 
apparatus compared with estimated cost when some 
operations are electrified. Reports should be as com- 
plete as possible, and all statements should be backed 
up by established facts. 

Inasmuch as electric power companies generally do 
not sell electric heating equipment, much depends upon 
the co-operation that can be obtained from the manu- 
facturers of this equipment. 

It has been stated that the chief duty of the selling 
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force is to get the electric heating load on the lines, 
but it is equally important that it should be kept there. 
The latter function is just as important as the former, 


and in the early stages of the promotion of electric 
heat in any territory an effort will have to be spent 
in keeping installations sold. 


PROMOTIONAL RATES COMMITTEE 


Promotional Rates* 


AS’ A RESULT of public demand and in some cases 

political expediency, rates have been reduced in 
various communities by reducing the top rate only. 
The reduction in one community immediately arouses 
the desire of the customers in another community for 
a similar reduction, until we are faced with the situa- 
tion that our top rate already has been reduced to a 
point below cost, and it will be only a short time until 
we are called upon again for further reductions. We 
have not yet been able to increase the average con- 
sumption per customer to a point which will offset. the 
loss resulting from serving a large percentage of lim- 
ited-use customers. This committee believes that it is 
a problem of education to acquaint customers with con- 
ditions, and to show them the fallacy of expecting the 
customer making full use of electric service to carry 
the burden imposed by the minimum customer. Further, 
it appears to be the duty of rate engineers to design 
rate structures to the end that the charges to the 
minimum customer will gradually be raised or that his 
requirements of electric service will be extended so 
that he may enjoy the many benefits of complete elec- 
tric service at a reasonable cost, and at a reasonable 
return to the utility. 

The utility’s program tends to teach the average cus- 
tomer to think of electric service in terms of cost per 
kw.-hr. rather than the value of the service supplied 
in terms of comfort to himself. 

Statistics are published showing the average cost per 
kw.-hr. for domestic electric service at approximately 
seven cents, and the general impression by the public 
is that the utility offers electric service at this figure, 
whereas actually the utility offers electric service to 
the customer at a price as low as one cent per kw.-hr., 
and the customer’s average cost per kw.-hr. depends 
entirely upon his use or acceptance of the service. 

As an example of this, suppose you wish to publish 
a book and the publisher quotes you a price of $2,600 
for the first thousand copies, and $400 per additional 
thousand. If your market for this book is limited to 
2,000 copies, the average cost would be $1.50 per copy, 
and yet the publisher did not quote you a rate of $1.50 
per copy. If on the other hand you need 5,000 copies, 
the average cost per copy would be only 84 cents. 
Therefore, cost comparisons of this kind are misleading 
unless all the facts are known. In the case of the pub- 
lisher, there is nothing mysterious as to why his charge 
for the first one thousand copies is high. We know 
that the cost of setting up the press is much greater 
than the actual printing costs, but we have not edu- 
cated the public to apply this reasoning to the utility 
situation. 


ESSENTIAL TO KNow Cost 


It is a fundamental principle in any sound business 
that until the cost of an article is known, the selling 
price cannot be determined intelligently. The same 


* Report of the promotional rates committee. H. G. 


Kelsey, 
Grays Harbor Railway & Light Company, chairman, 
Northwestern Electric Company: D. F, McCurrach., 
Pacific Power & Light Company: W. T. Neill. 
Pacific Northwest Public Service Company: F. H. Murphy. 
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principle should be followed by the utility in selling 
its services, and the cost of serving should be broken 
into its various components to determine their relation. 

You probably will say that cost analyses are inac- 
curate, and depend too much upon the judgment of the 
person making them. While this is true to a certain 
extent, all methods of allocating costs, if applied to the 
problem intelligently by capable persons, will produce 
results within practical limits of accuracy. It is neces- 
sary to allocate these costs against the various classes 
of service, and for the sake of brevity we are consider- 
ing only that class of service designated as domestic 
or residential lighting. Also we will touch briefly upon 
the combined residence load as expanded by the use of 
range, refrigerator and other appliances. 

The accompanying set of curves which we now will 
discuss, represents graphically one method of cost allo- 
cation, and we are using them solely for the purpose 
of illustration, to show that the cost of serving a cus- 
tomer varies with his use of energy, and to show the 
danger of low minimum charges and low top rates. 


ANALYSIS OF CosT OF DOMESTIC SERVICE 

Referring to Fig. 1, we have pictured graphically 
the development of costs to serve residential customers. 
This particular curve represents the components of 
cost on a particular property. The shape and values 
of this curve will vary for local conditions. Therefore, 
these values cannot be taken to apply to all properties. 

One component of cost which is constant for all cus- 
tomers regardless of energy consumption is customer 
expense, and includes such cost items as meter reading, 
billing, maintenance of meters and services, commercial 
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Fig. 1. Factors of cost to serve residence lighting customers 
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Fig. 3. Effect of reduction on straight-line rate 


and advertising expenses, and all operating items which 
are directly proportional to the number of residence 
customers served. This item also includes a proper 
pro-rata of general administrative expense chargeable 
to this class of service. In this particular case the 
customer expense amounts to 64 cents per month. 


The next component which we call demand or readi- 
ness-to-serve cost, includes all of the operating ex- 
penses chargeable to the residence class, resulting from 
the demand which its customers impose upon generat- 
ing, transmission, and distribution equipment. This 
component increases proportionately with the monthly 





consumption, because the average load factor of a resi- 
dence remains fairly constant and the increase in con- 
sumption therefore is due to the increased demand. 


The next component we call energy cost, and it in- 
cludes those costs of production which increase in 
direct proportion to the number of kw.-hr. used. This 
component is a very small part of the total cost. 


The last component includes taxes and eight per 
cent return on the utility’s investment for this class 
of service based upon demand. The resultant curve 
we will call the “total cost to serve at eight per cent 
return.” 


Taking this curve for the purpose of illustration 
only, we note that the minimum cost per month is $1, 
and that the first 10 kw.-hr. used by the customer cost 
approximately $1.50 or about 15 cents per kw.-hr., and 
that 65 kw.-hr. per month cost only about $3, or less 
than 5 cents per kw.-hr. 


EFFECT OF STRAIGHT-LINE RATE 


Referring to Fig. 2, we have the same curve labeled 
“total cost to serve,” and a dotted line representing a 
straight-line rate of eight cents per kw.-hr. with a 
minimum of 75 cents per month. 

It may be noted that these curves cross at 24 kw.-hr. 
per month, and at that point only is the price correct 
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from a cost standpoint. Below that point the rate is 
too low, and above it is too high. Let us see what 
this means as applied to the residential class of service. 
The lower abscissa of this chart represents the num- 
ber of hundreds of customers, classified by use, falling 
in each block of 5 kw.-hr. per month. Therefore, com- 
puting the revenue from the total number of customers 
using less than 24 kw.-hr. per month in blocks of 5 
kw.-hr. per month, and subtracting this figure from 
the revenue necessary to return the cost of service, we 
find that the shaded area represents $191,400 less than 
total cost, and we also find that 77 per cent of the 
total customers served by this particular utility were 
being served below cost. Applying the same reasoning 
to those customers served at excess cost, we find that 
more than 22 per cent are paying a total of $121,400 
more than cost-to-serve. This excess revenue does not 
balance the loss resulting from the 77 per cent block 
of customers, and at the same time does not encourage 
greater use of energy by the class as a whole. 

By referring to Fig. 3, the effect of a reduction on 
a straight-line rate from eight cents to 7 cents may be 
seen graphically. We find that, instead of 77 per cent, 
there are 86 per cent of the customers served at 
$250,200 less than total cost, and 14 per cent pay 
$72,300 more than cost to serve. The reduction in rate 
has not yet accomplished the possibility of encouraging 
greater use of electric service. 

Very few companies are using the old straight line 
rate, but a good many of the sliding scale rates are 
so designed that, within the limits of use by the ma- 
jority of lighting customers, the effect is the same as 
a straight-line rate because the top rate is below the 
cost to serve. 

EFFECT OF PROMOTIONAL RATE 

Referring to Fig. 4, the effect of a promotional form 

of rate, which is designed to follow very closely the 


cost-to-serve, may be seen. There still are 59 per cent 
of the customers being served at less than total cost, 
but to the extent of only $8,900 as compared to the 
previous figures of about $200,000. Further, 41 per 
cent of the customers pay only $29,000 more than cost- 
to-serve, leaving a margin for further reductions to 
the latter class. 

As to whether the rate should be based on service, 
area, or number of rooms, or even the connected load 
or measured demand, as a proper method of introduc- 
ing a fixed price sufficient to cover the charges which 
the companies must meet in delivering the first few 
kw.-hr. per month, or whether this fixed charge should 
be made to include a few kw.-hr., is entirely up to the 
judgment of the local management of the various utili- 
ties. In some way a flat or minimum charge should 
be guaranteed by each customer high enough to cover 
these fixed costs. 

In Fig. 5, are shown the cost of serving residence 
lighting only, and residence lighting combined with 
residence power. There is a certain point between 50 
and 75 kw.-hr. per month where the cost-to-serve in- 
creases. This is due entirely to the installation of the 
range or larger appliances that increase the custom- 
er’s demand. A combination service rate provides for 
lighting, cooking and water heating at various prices 
reasonable to the operation of the various appliances 
mentioned and, competitive with other fuels, makes it 
possible for the customer td enjoy to the fullest advan- 
tage the benefits of complete residence electric service 
at a reasonable rate. 


The Committee acknowledges and appreciates 
the courtesy of W. 8S, Leffler of the firm of La- 
combe and Leffler, Consulting Engineers, New 
York, for permission to publish the curves con- 


tained in this report. 


WIRING SALES COMMITTEE 


Safe and Adequate Wiring Needed 
for Rural Electric Service* 


PROBLEM confronting most power companies is 

how to obtain safe and adequate wiring in rural 
communities where regulated inspection service is not 
available. Experience has proved that most farmers 
are mechanics of some sort, and feel that they are 
competent to do their own wiring. Results very often 
are far from satisfactory. In an endeavor to solve the 
problem it has been thought advisable to furnish our 
rural customers, who anticipate doing any wiring, with 
sufficient information to enable them to do the work 
in a manner acceptable to the utility that is to serve 
them. This can be accomplished best through the me- 
dium of an inexpensive pamphlet, containing wiring 
information in a simplified form, together with wiring 
diagrams, that can be understood readily. 


Necessary data, together with simple diagrams, can 


* Report of the wiring sales committee. F. H. Kerr, Puget 
Sound Power & Light Company, chairman. H. R. Kruse, 
Puget Sound Power & Light Company, vice-chairman. 
Pacific Northwest Public Service Company: W. D. Williams. 
Utah Power & Light Company: W. M. Scott, 

The Washington Water Power Company: L. V. Ross. 
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be reproduced on a small folder of three or four pages, 
similar to the sample reproduced herewith. The sub- 
ject matter, of course, may be revised to satisfy the 
needs of different companies. This pamphlet can be 
sufficiently inexpensive to enable the utility to distrib- 
ute them liberally and without charge. The subject 
matter treats chiefly with the wiring from the service 
outlet to the cabinet box, with very brief suggestions 
as to the interior wiring. (See supplemental report 
immediately following this report.) 


RESULTS ANTICIPATED 


1. To eliminate exposed service wires. 

2. To obtain fire-proof enclosure for main line switch 
and branch block. 

3. Ample capacity for future expansion. 


CONCLUSION 


This method of dissemination of information has 
been tried out in a limited way and has proven very 
satisfactory. So much so that the utility having tried 
it, is enlarging its use. It is the suggestion of the 
committee that it be tried out by other member com- 
panies of the association. 
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Recommended Wiring Regulations 


for Rural Residences* 


HE text from a typical instruction pamphlet, such 

as referred to in the preceding report, 
duced in full in the following paragraphs. 
1. Service Entrance— 

The wiring connections from your switch box to our 
service wires should be encased in a rigid metallic 
conduit of proper size (see Table I) which must be 
fastened to the switch box by means of a locknut and 
bushing and fitted with an approved service head at- 
tached at the point of contact with our lines. The 
location of the service entrance should be at a point 
nearest available to our lines. The service entrance 
should be sufficiently high to be well out of the reach 
of persons standing on the porch or ground. 

Wire used in the service entrance should be not less 
than: 

No. 8 B.&S. standard 600-volt 
residence 2-wire 110-volt lighting. 

No. 6 B.&.S. stranded standard 600-volt rubber-cov- 
ered for residence 3-wire combination lighting, range 
or hotplate, and water-heater installation. 

No. 4 B.&S. stranded standard 600-volt rubber-cov- 
ered for residence lighting, range, water heater, 
light and up to 5 hp. in motors. 

No splice will be permitted in wire between main 
line switch and service entrance. 

2. Switch— 

Main switch and fuses should be contained in an 
approved steel cabinet with knockouts in sides and 
bottom. The main line switch should have a carrying 
capacity of not less than: 

30 amp. for 2-wire, 110-volt residence light. 

60 amp. for 3-wire, 110/220-volt residence light and 
range combination. 

100 amp. for 3-wire, 110/220-volt residence light and 
range combination, and farm lights with 5 hp. 
motors. 


is 
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farm 
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* Supplement to report of the wiring sales committee. 


as 
Other side of sheet contains text 
TABLE I—Wire and Conduit Sizes 
Size of Capacity 
Wire in Amps Number of wires in one conduit 
1 2 3: 4 5 6 7 8 
(Minimum size of conduit) 
14 15 lg lg lg 3&4 34 1 1 1 
12 20 Ls by 34 84 = 1 1 
0 25 ly +4 34 1 1 1 14 1% 
35 4 y(t 1 1 i~4 1% 1% 
6 50 oe ii Sie 64h U6 2 
70 4 1% 1% 11 2 2 2 2 
TABLE II—Fuse Sizes. 
Circuit Size of fuse 
Main line using No. 4 service 100 amps. 
Main line using No. 6 service 60 amps. 
Main line using No. 8 service 30 amps. 


Range 

Water heater 
Branch light circuits 
Convenience outlets 


60 amps. 
30 amps. 
15 amps. 
20 amps. 


34 h.p. motor 30 amps 
lo h.p. motor 20 amps. 
l¢ h.p. motor 15 amps. 
4 h.p. motor 15 amps. 


On all three-wire installations, the neutral wire must 
not be fused, but should be connected solid from the 
switch to the branch circuit fuses. Each separate cir- 
cuit should be fused according to Table II. The switch 
box should be of sufficient size for two or more addi- 
tional circuits to take care of your additional wiring 
from time to time. If you contemplate the installation 
of an electric range, a fuse block should be provided 
for in the bottom of the cabinet with a carrying capac- 
ity of 60 amperes, and for a water heater, 30 amperes. 
(Flat-rate water-heater circuits must have conduit con- 
tinuous from heater to branch fuses.) All wires com- 
ing out of the switch box unless in conduit must be 
protected with porcelain bushings. 

A ground wire of not less than No. 8 must be con- 
nected from the neutral wire on the service side of 
the main line switch to a permanent ground. This 
ground can be either a water pipe or driven ground. If 
a driven ground, the ground rod should be at least 
ten feet in length and driven flush with the ground. 
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Fig. 1. Recommended connections for 110-volt two-wire residence lighting service 
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Fig. 2. Recommended connections for 110-220-volt three-wire residence combination light, 
range, and water-heater service 
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All ground connections should be made with suitable 


ground clamps. All conduits should be connected to 
ground by not less than No. 8 wire. 


3. Meter Location and Meter Loop— 


A meter loop must be provided and wires must ex- 
tend not less than eighteen inches beyond the switch 
box. (See Figs. 1 and 2 for connections.) 

Meter loop and meter location must not be more 
than seven feet or less than four feet above or below 
ground or porch. 

Meter loop should be as near main line switch as 
practical. 

When main line switch and meter are mounted on 
walls open to weather, suitable covering must be pro- 
vided to keep both meter and switch dry. Also pro- 
tection must be afforded the meter from damage and 
vibration. When a box is used to house the meter a 
space of not less than 12 in. wide, 14 in. long, and 8 in. 
deep is required for each meter. 

The meter must be located in a place easily accessi- 
ble to the meter reader and meter tester at all times 
without entering the main part of the building. Loca- 


tion of meter inside house or enclosed porches will not 
be approved. 


4. House and Out-building Circuits— 


Each house should have at least two or more fused 
circuits within the building. Motors of 1 hp. or more, 
brooders, incubators, and large appliances should be on 
separate fused circuits using not less than No. 12 wire. 


5. Inside Wiring— 

Each room of the house should have at least one 
ceiling outlet for a lighting fixture and a wall switch 
of the tumbler type, placed at a recommended height 
of 4% feet above the floor. Convenience and light out- 
lets in basement should be in conduit. The living room 
should have one or more duplex outlets for floor lamps 
and radio set. The dining room should have at least 
one duplex outlet for such appliances as grills, perco- 
lator, toasters, waffle irons, etc. Two convenience out- 





lets should be conveniently placed in the kitchen for 
small appliances, iron, washer, etc. 

Bathroom and bedroom should have at least one out- 
let for vacuum cleaner or air heater. Only porcelain 
type receptacles and convenience outlets should be used 
in the bathroom. Each porch should have a light pro- 
vided with an inside wall switch. Stairways should be 
wired with a three-way circuit so that the light may 
be turned on or off at either top or foot of stairs. All 
inside wire should not be less than No. 14 and all 
convenience outlet circuits should be No. 12 rubber- 
covered wire. All joints should be soldered and double 
taped, one layer of rubber tape topped by a layer of 
friction tape. Porcelain knobs and tubes must be used 
to keep the wiring clear of all surfaces. Wires should 
be spaced not closer than five inches, and be at least 
one inch from near-by surfaces. Where this spacing 
is not possible it is necessary to encase the wire in 
loom tubing, flexible or rigid conduit. Loom should be 
continuous from porcelain to porcelain. Do not use a 
short piece of loom to protect a wire by taping it to 
the wire as the tape will eventually come loose and 
the loom will slip. Use knobs where you can run your 
wire parallel with and on the inside of ceiling, rafters 
or wall joists or run at right-angles to them. Always 
pull your wire tight so that it will not droop and 
come in contact with exposed surfaces. 

All outdoor wiring exposed to the weather should 
be not less than No. 8 weatherproof, using approved 
be used in providing for outdoor lighting. Conduit is 
outdoor service knobs. Weatherproof sockets should 
recommended for barn lighting due to ammonia fumes 
from animals which would collect on exposed rubber- 
covered wire. Do not confuse electrical conduit with 
water or gas pipe. Electrical conduit is especially 
treated on the inside to prevent damage to insulation. 

Do not overfuse, use pennies as a substitute, or use 
a blown fuse by cutting it so that it will make con- 
tact. Always replace fuses with one of the same size 
as the one blown, and throw away the old. Fuses are 
your protection—use them. 

For further information concerning electric wiring, 
consult your electrician or the power company. 


RURAL ELECTRIC SERVICE COMMITTEE 


Status of Farm Electric Service 
as of January 1, 1930* 


HE principal work of this committee consisted of 

attempting to prepare a report for the national 
committee, this report to record progress made during 
the past ten-year period and to show the present status 
of farm electrification. Questionnaires were sent to 
member companies in the association territory asking 
for the information requested by the national com- 
mittee. 


* Report of the rural electric service committee. 
bert, Pacific Power & Light Company, chairman. 
The California Oregon Power Company: T. H. Delzell. 
Eastern Oregon Light & Power Company: J. P. Lottridge. 
Grays Harbor Railway & Light Company: H. G. Kelsey. 
Idaho Power Company: R. S. Overstreet, 

Mountain States Power Company: H. C. Wells. 
Northwestern Electric Company: F. C. Carleton. 

Pacific Northwest Public Service Company: H. M, Hamilton. 
Peoples West Coast Hydro-Electric Corporation: S. K. Pardee. 
Puget Sound Power & Light Company: J. C. Scott. 

Utah Power & Light Company: E. R. Owen. 

The Washington Water Power Company: W. W. Skuse. 


George Hib- 


Member companies were, in most cases, slow in re- 
porting and the committee finds upon comparing figures 
with those submitted in previous years that either 
figures submitted in the past have been inaccurate or 
that there are inaccuracies in this year’s figures. How- 
ever, we feel that in all probability figures for this 
report are more accurate than previously for the rea- 
son that a greater appreciation of the value of accurate 
statistics on rural lines exists in the minds of com- 
pany officials than in the past. We find that we cannot 
make a ten-year comparison from information avail- 
able. However, we submit the following comparison 
between the years 1929 and 1930 of farms on the lines 
of central stations of the Northwest: 








1929 1930 

WRU sce iolar cia * 34,443 32,809 
RIN 6 oe oe ce as cae ies 11,428 15,146 
I Adee ne ee 7,215 10,171 
BEOUUD, | cnt ee 663 1,394 
53,749 59,520 





* Probable inaccuracy. 
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MEMBER COMPANIES CHANGING ACCOUNTING SYSTEMS 
TO SHOW RURAL CUSTOMERS 


This committee wishes to report that three member 
companies have set up classifications within their ac- 
counting systems, or have changed their accounting 
during the past year, so that from the classifications 
established, rural business, and particularly farm busi- 
ness, can be segregated. These figures will not be avail- 


TABLE I—Rural Electric Service Report 1930. Statistical Data 
obtained from Questionnaires sent to Member Companies. 


1. Number of farms served by states as of 1-1-30. 

& 

2. Energy Used. No. Farms Served Energy Used in 
1-1-30 1929 


Washington......... 32,809 71,091,404 

CN Ss sine cae ee 15,146 26,361,071 

ON SS PO ee 10,171 22,990,613 

PN a ko Views de'ea 1,394 418,200 
59,520 120,861,288 KWH 


3. Figures by companies giving square miles of territory served and 
total miles of distribution lines outside of towns of 1,000 population 

_ or over, or towns having essentially urban characteristics. 

& 

4. Chief agricultural uses of electric service by companies. 


_——oII>>yCo—>—>—> > — —  — — —L LL _L,L,~L = ====SS===== 














able until 1931 and we are certain that other com- 
panies will fall in line rapidly. 


DEVELOPING USE OF ELECTRICITY ON THE FARM 


During the past year, at least three of the largest 
Northwest companies have employed agricultural 
agents for the purpose of developing the use of elec- 
tricity on the farm and to assist in educating com- 
pany organization so that rural business may be han- 
dled to a better advantage. Informal reports show 
that these agricultural men are carrying on educa- 
tional work through the use of portable exhibits, are 
using space at local and state fairs and are putting 
farm customers on the mailing lists of numerous pub- 
lications, including government reports, and also are 
taking care of field contracts where special service of 
any character is required. 


SCHOOLS 
Schools for rural service men were not conducted in 
this geographic division in 1929. It is expected that 
one or more schools will be held in 1930. 





Total Total 
Miles Sq. Miles Uses of Service RESEARCH WORK 
Montana power Cov... see TF Not given Not given Research work has been carried on by the state 
Wash. Water Power........ 940 Not given 1. Irrigation . ‘ a j 
2. Spray Plants committees on the relation of electricity to agriculture, 
s. Dairying and in view of the inquiries coming to member com- 
5. Household anies is ritory we feel that this work is rap- 
Northwestern Electric Co... 479 570 1. Household — . of thi terr tory : : I 
2. Water Supply idly being recognized and accepted and is showing very 
3. Prune Drying . 
= a satisfactory results. 
Pacific Pr. & L. Co......... 1,478 6,521 1. Irrigation 
2. Household SPOKANE MEETING 
3. Poultry F ee 
4. Dairying rs ; ; . ; 7 
Missoula Pub. Serv. Co... 17 Not elven + per dit With the exception of an informal meeting between 
Grays Harbor Rlwy. & Dr. A. E. White, a few members of the rural electric 
Oy ee > 68 Not given 1. Household ‘ : : fi ; 
2. Poultry service committee and certain company executives, no 
z > re ) r 7 2.2 se ( ( © e < . > 
Idaho Power Company..... 1,762 2,200 i. eee meetings were held prior to the mid-winter conference 
: i t 3. Poultry of the Commercial Section, which was held in Spokane, 
Mountain States Pr. Co..... 233 5,463 1. Household eo 4 . 
2. Poultry Feb. 13-15. Friday afternoon of that conclave was 
> a Supply given over entirely to the rural electric service com- 
Puget Sd. Pr. & L. Co...... 4,133 30,000 1. Irrigation mittee. The following papers were presented: 
2. Poultry : . - 4 
3. Dairying “Farm Electrification” by F. E. Price, Project Super- 
4. Household . = 
Eastern Ore. L. & Pr....... 109 3,760 1. Household visor, Oregon, C.R.E.A., Corv allis, Oregon. 
~ toe “What Electric Service Means to Agriculture as 
Portland Electric Pr. Co. 1,541 1,311 1. Household ' Viewed by the Agricultural College” by Hobart Beres- 
a ater Supply . e e 
3. Dairying = ford, College of Agriculture, University of Idaho, Mos- 
4. Poultry 
California-Ore. Pr. Co...... 454 15,508 1. Irrigation cow, Idaho. 
2. Bonsehotd “Economic Value of Statistics on Rural Lines” by 
3. Poultry ‘ ’ . 7 
4. Dairying A. C. MceMicken, Pacific Northwest Public Service Com- 
5. Fruit yany, Portland, Oregon. (Extemporaneous.) 
, 
TABLE II—Farm electrification survey, January 1, 1930. 
EEE 
KWH Annual 
No. Farm Those Consumed KWH Miles Miles 
! Customers Connected Total by Farms per Farm Rural Line constr. 
Name of Company 1-1-29 in 1929 1-1-30 in 1929 1929 1-1-29 in 1929 Total 
Montana Pr. Co. Mont. 738 100 838 251,400 300 286.49 20.00 306 .00 
Wash. Water Pr......... Wash. 3,021 277 3,298 23,840,917 7,138 721.27 46.00 767.20 
Idaho 240 8 248 367,155 148 170.34 2.00 172.30 
Northw. Elec. Co.......... Wash. 1,641 1,359 3,000 900,000 300 287 .69 140.31 428.00 
Ore. 7 143 150 *45,000 300 8.52 41.48 51.00 
PEs is GE Glikcacecctecscccesee Ga 1,484 162 1,646 1,867,719 1,135 313.89 74.51 388 .40 
Wash. 5,695 1,014 6,709 16,177,496 2,341 829.35 136.15 965.50 
Idaho 259 5 264 208,899 421 76.40 47.52 123.92 
Missoula Pub. Serv. Co. <ark Mont. 506 50 556 *166,800 *300 72.00 5.00 77.00 
Grays Harbor Rly. & Light Co. Wash. 20 25 45 *13,500 *300 54.25 13.75 68 .00 
Idaho Pr. Co....... ua .. Idaho 7,917 2,121 10,038 33,832,143 3,370 1,309.00 452.00 1,761.55 
Mt. States Pr... eee 1,819 *67 1,886 1,979,456 1,049 **422 00 11.00 233.00 
Puget Sound Pr. & Light Co. . Wash. 19,213 842 20,055 29,985,714 1,495 3,698 .00 435.00 4,133.00 
Eastern Ore. L. & Power Co. a. 313 62 375 *112,500 *300 ; , 109 .00 
Portland Elec. Power Co Wash. 100 92 192 172,800 900 ; 20.00 
Ore. 6,028 1,438 7,466 3,911,279 524 1,521.00 
Uteh Power & LA. Coi..ccccccccccs Idaho 2,000 sae 
Utah 10,114 : 
Cali FOE Fe Ci sins does cc teedn Ore. **2 176 2,064 7,096,229 3,438 453.47 








Totals are not given because of incomplete reports. 


*These figures estimated as information not available from these companies. 


**Inconsistencies due to lack of accurate figures in the past. 
Where space is left blank, no figures were available for that item. 
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“Value of Executive Demand in Building Rural 
Load” by J. C. Scott, Puget Sound Power & Light 
Company, Seattle, Wash. 

“Developing a Local Organization for Rural Exten- 
sions and Farm Load Development” by W. M. Hamil- 
ton, Pacific Northwest Public Service Company, Salem, 
Oregon. 

The above papers, with the exception of Mr. Mc- 
Micken’s, which was not presented in written form, 
are appended as supplements to this report. 


SUBCOMMITTEES SUGGESTED 


In conclusion, this committee offers the following 
suggestions: 


First, that the chairman of the rural electric service 
committee hold at least three committee meetings prior 
to the mid-winter conference. Attention is called to 
the fact that this geographic division covers five state, 
making it particularly difficult for the committee mem- 
bers to meet together and participate in any of the 
discussions or committee work. As an offhand sugges- 
tion, we believe meetings should be held in Portland, 
Spokane, and Boise. 


Second, we suggest that the activities of this com- 
mittee be broadened to the extent of setting up sub- 
committees as follows: 

Equipment 

Engineering and Construction (highway lighting as 
related to rural extensions) 

Rates, Extension Policies, Promotional Work 

Research 


The first subcommittee mentioned should consist prin- 
cipally of agricultural agents. The second committee, 
covering engineering and construction, would be to a 
certain extent a duplication of the work carried on 
by the Engineering Section of the Association. How- 
ever, attention is called to the fact that the men 
actually engaged in rural service work seldom have 
the benefit of any discussion of these problems and 
we feel that, if not in the above manner, at least 
some means of co-ordinating the work of these com- 
mittees should be brought about. The committee on 
rates, extension policies, and promotion might also be 
considered as duplicating the work of other committees. 
However, we offer this suggestion for the same reason 
that we suggest the subcommittee on engineering. The 
research subcimmittee, of course, should be made up 
primarily of the men engaged in C.R.E.A. work to- 
gether with such other members of the committee as 
will fit into such work. 

We feel very much gratified with the interest shown 
in the program submitted this year and are very ap- 
preciative of the co-operation of member companies, 
and particularly the interest shown by the executives. 
But we do feel that, if this committee is to accomplish 


a great deal, the scope of its work should be broadened 
as outlined above. 





Rural Electrification* 


By F. E. PRIcB 


HE Oregon Committee on the Relation of Electric- 

ity to Agriculture was organized for the purpose 
of determining and disseminating facts regarding the 
use of electricity for profit and convenience on Oregon 
farms. It is desired to tell some of the facts deter- 
mined by this committee and the Oregon State College 
Experiment Station relating to the use of electricity 
for profit and convenience. 

Irrigation of small fruits at the Oregon Experiment 
Station was taken up as a major project in 1927. The 
blackberry probably reached maturity in 1929, while 
the loganberries will reach maturity in 1930 and the 
evergreens in 1931. 


RESULTS OF IRRIGATION OF SMALL FRUITS—OREGON 
STATE COLLEGE EXPERIMENT STATION 


Irrigation increased the average size of the berries 
from twenty to forty per cent. Better flavor was de- 
veloped by the irrigation of raspberries and logan- 
berries. All of the irrigated berries stood up as well 
or better in marketing than berries from the dry plots. 
Due to the increased size of the irrigated berries, pick- 
ers did not like to pick berries that were not irrigated 
so that a rotation system was worked out, giving all 
pickers an equal share of the dry and irrigated berries. 
There also was a preference for the irrigated berries 
shown by the canning department. 

Results with strawberries were of particular interest. 
First, the Ettersburg 121 strawberry has not responded 
to irrigation. A greater tonnage of berries can be 
obtained with no irrigation than with irrigation. Sec- 
ond, strawberries have been planted the first of August 
and a profitable tonnage secured the following spring. 
This eliminates the necessity of land lying idle a sea- 
son, as is the common practice in developing straw- 
berry plantings. Third, the Marshall strawberry, one 
of the leading varieties for fresh fruit and barreling, 
increased 67.9 per cent in 1929 and at four cents per 
pound gave an increased return per acre of $170.21 
with 514 tons per acre. 

Another quite undeveloped field for irrigation in 
western Oregon is pasture, particularly for dairy cows 
and also for sheep. 


IRRIGATION OF PASTURE 


A 12-acre field of Ladino clover was seeded in the 
fall of 1927 at the Experiment Station. It was very 
heavy, poorly drained soil and had not been farmed 
for several years due to the low returns that could 
be obtained from it. The field was fairly well prepared 
for distribution of water by the strip border method 
before seeding. The field first was pastured in August 


* Supplement No. 1 to the report of the rural electric service 
committee. 








TABLE I—Results of irrigation of small fruits as reported by Oregon State College Experiment Station. 
Value 

Lbs. Yield per Acre per Value per Acre Increase 
Per Cent Lb. - - — Income 
Kind of Fruit Dry Irrigated Increase (Cents) Dry Irrigated per Acre 
Marshall strawberry 6,265 10,523 67.9 4 $250.61 $420.82 $170.21 
Ettersburg strawberry 4,166 3,777 9.3 291.67 236.44 55.22 
Loganberry. . 5,830 6,597 13.2 4 233.22 263 .90 30.68 
Red raspberry 4,446 8,394 88.8 8 355.72 671.54 315.82 
Black raspberry 2,447 3,161 29.1 6 146.86 189 .67 42.81 
Evergreen blackberry 5,284 10,415 97.1 4 211.36 422.36 211.00 
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1928, and the stand of clover was better in October 
when the cows were taken off the pasture. 

Results of the 1929 pasture season show very clearly 
the value of irrigated pasture on the dairy farm of 
western Oregon. This pasture produced 17,032 cow- 
days per acre or slightly more than 3 cows per acre 
for six months. The grass value of the pasture in re- 
placing hay, silage and grain was $69 per acre. Net 
returns amounted to $48.73 after deducting labor of 
irrigation, a 10 per cent depreciation on a $100-per- 
acre irrigation equipment investment, and interest and 
taxes on a $100 land value. Water was supplied by 
gravity. Four inches were used per irrigation and four 
irrigations were applied, and the fifth would have in- 
creased the returns due to the dry fall. September 
rains were not sufficient as it was thought they 
would be. 

Power cost to pump four acre-inches against a 50-ft. 
lift with power at three cents per kw.-hr. would be 
approximately $1, (one sec. ft. and 10-hp. motor) or 
with a 25-ft. lift, one-half that amount, or 50 cents. 
This is an estimated cost per acre per irrigation for 
power if this had been a pumping project of 25- or 
50-ft. lift. Four irrigations, there, would cost $4 per 
acre at a 50-ft. lift or $2 at 25-ft. lift. 

Deducting the $4 from $48.73, the actual net return 
would have been $44.73 if pumping against a 50-ft. 
head. It is assumed that $100 per acre, the amount 
allowed for the distribution system investment in de- 
termining the net returns for 1929, would be sufficient 
for the pumping equipment as well. 

Summer pasture for dairy cows has a far reaching 
effect in the Willamette Valley. The producing season 
for pasture without supplemental moisture is ended 
by June 15 or July 1 and, furthermore, it is quite 
inferior to the usual irrigated pasture. The unirri- 
gated pasture is so dry and dormant when fall rains 
begin in September that it is of little value until the 
following spring, whereas the irrigated pasture starts 
September in good moisture and is a heavy producer 
through September and October. An irrigated pasture 
changes July, August and September from months of 
low production to months of high production, and when 
weather conditions and prices are best. 


Irrigated pasture requires a minimum of labor for 
feed production during the six-month pasture season. 
It took 114 man-hours per cow to irrigate the pasture 
during the summer of 1929. That is labor efficiency 
and, furthermore, there was no hard labor involved 
at any time for the land was prepared for irrigation 
before seeding. However, it is very easy to make a 
complete failure of the whole proposition of irrigation 
by getting started with wrong equipment, distribution 
system and crop selection. 


IRRIGATION OF Hops 


The irrigation of hops in the Willamette Valley was 
checked in 1924-26 in co-operation with leading hop 
growers and found to be a profitable enterprise. In 
1925 records were kept on the Horst ranch near Salem 
and a 77-acre irrigated field averaged 625 lb. more 
dried hops per acre than the 183-acre unirrigated field. 
At 20 cents per lb. this amounts to $125, and deducting 
the total irrigation cost of $30 left a net return of 
$94.12 per acre. 

On the entire 330 acres of the Livesley hop ranch 
near Salem the net profit per acre was $13.90 in 1924 
and $28.80 per acre in 1925, after charging off more 
than $5,000 each year for irrigation costs. Both the 
Livesley and Horst hop ranches have installed exten- 
sive irrigation equipment, which indicates their belief 
in the value of irrigation. 
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IRRIGATION OF VEGETABLE CROPS 


(Note: These results reported by A. G. B. Bouquet, 
professor of vegetable gardening, comprise the record 
of two years of co-operative investigation with our 
committee.) 

Equipment, Land, Irrigation Sysiem—A 1%%-in. cen- 
trifugal pump direct-connected to a 3 hp., 1,800 r.p.m., 
ball-bearing motor is located in a dug well at a depth 
of about eight feet below the ground surface. Both 
pump and motor are removed at the end of the irriga- 
tion season. Water is supplied by two inter-connected 
3-in. driven wells, the pipe extending from 22 to 24 
feet beneath the surface. Water is piped ‘in 3-in. pipe 
from the pump 200 ft. to an open ditch for gravity 
irrigation and is connected directly to the sprinkling 
lines for overhead irrigation. The plant has been very 
effective both for gravity and sprinkler irrigation, and 
by adjusting the discharge valves it has been possible 
to operate both systems simultaneously. 

Approximately three acres of sandy, river bottom 
soil was irrigated. 


Power Used in 1927— 


May 20 to June 20............ 





binant seco mediaiea tide a 
June 20 to July 22..... ita : nntnlnccédadbisaiiadimeuumtcle: en 
ee ee OE I Be sities ; sai Slidell aticatagand 5.07 
Aug. 20 to Sept. 22....... aie ; at scat: 1 
$14.48 
Crops Irrigated and Returns— 
Sweet Corn (Figures for 1 acre) 
Irrigated, gross value.... $164.00 
Unirrigated, gross value ettimn > ee 
Gross increase ; : $101.00 
Electricity used............ . ae “ee 
RO palientcinbiasiicaeadics com ads 
Total ae . 22.00 
Net increase ioe cet oo : $79.00 
Late Cabbage. (Figures for 1 acre) 
Irrigated, 14 tons at $30 $280.00 
Unirrigated, 8 tons at $30-........... 160.00 
Gross increase................... ss dak a $120.00 
Blectricity used......................... $ 8.80 
Labor irrigating sepaeaatedad ; : 9.70 
Tae ei dedi aime ; 18.50 
a e ne ole te ..$101.50 
Hubbard squash. (Figures for 1 acre) 
Irrigated, 10 tons at $30-............ $390.00 
Unirrigated, 6 tons at $30-........... 180.00 
Gross increase........................ j iicicciaseona ene 
Electricity used-..... ann a |e 
Labor irrigating (uneven).......... 12.80 
ND sich cate bintiatlaned nib nitanninebiidaiedige tie cais 15.30 
i ae ..$104.70 


Peppers. 


No weighings of fruit were made, but increases from over- 
head irrigated areas were very marked. 


Miscellaneous Data— 


Electricity cost for providing one acre-inch of water at 
from 25 to 35 lb. pressure for the Skinner system was from 
65 to 70 cents. 

The number of irrigations needed varies with the crop, 
but the average will be from four to six per season. 

Effect of water on grade of crop: 

Late cabbage 


Ave. Wt. Heads Total Leaf Growth 


Irrigated ; . 5.6 Ib. 4.5 lb. 
Not irrigated 3.5 Ib. 2.6 Ib. 
Two crops per season on land watered with overhead sys- 


tem—1928. 

Ist Crop 2nd Crop 
Early cabbage 
Spinach 
Head lettuce 


Spinach 
Peppers 
Cauliflower 


581 





mead 
ees 








582 


Sweet Corn Irrigated—1926. 
Irrigated—1,230 doz. at 15c........$184.50 


(Figures for 1 acre) 





Not irrigated—585 doz. at 15c.... 86.75 
Gross increase...... rchsbcaidetianiabenaiacanditetoencin $97.75 
Electricity use, 25 kw.-hr.............$§ 1.37 
RS Fee Bvt canes ccottingtenecee 11.20 
AE staid Mecienkiecsusctitigt Mepiia laminae neti ig stati 12.57 
TO I inc icncinndn cata chenniideiiinaes obese lee ei a oe $85.18 


Children’s Farm Home Irrigation—1927. 

Six-tenths of an acre of tomatoes on Willamette Valley clay 
loam soil was irrigated twice with a total application of ten 
acre-inches of water per acre. 

Irrigated—9,780 Ib....................-...- $203.55 

Not irrigated—5,580 Ib................. 116.70 

Cs “SRI i Ph ssets. 
Cost—Int. on investment.............. $ 10.00 
47 hr. labor at..36c............. 16.45 
Power 105.2 kw.-hr. at 3c 3.16 
Depreciation 5.00 


.---$86.85 





OE cp crincnntaotap ones tniein ataietenk kb eaa ieee Ld 34.61 
I I oars inte ast eeinninciasen a * 


ELECTRICITY IN DAIRYING 


Application of electricity to the dairy farm offers 
several opportunities for the use of motor 
and heat. 


power 


Motor Uses— 
Grain grinding—hammer mill or burr mill, 3 or 5 hp. 
Feed mixing—500-lb. batch mixer, 1 hp. 
Silo filling—13 to 16-in. ensilage cutter, 5 or 744 hp. 
Hay chopping—13 to 16-in. hay-ensilage cutter, 5 or 
742 hp. 
Hay hoisting—one-man hay hoist, 3 or 5 hp. 
toot cutting—depending on size of cutter, 1 to 3 hp. 
Refrigeration—from the chest-type box to walk-in 
room, 4 to 3 hp. 
Milking machine—1 to 2 hp. 


Heat— 


Water heating—from 500 watts to 5 kw. 
Sterilizing utensils—3 to 5 kw. 


Of the motor uses, silo filling and hay chopping with 
a 5-hp. motor will be most difficult to satisfy the average 
farmer. It will require a man who keeps his ensilage 
cutter properly adjusted and changes knives twice 
daily. It requires proper speed of the blower. It re- 
quires a good belt or bearing troubles will occur. We 
will use a V-belt next year, which I believe is the farm 
belt of the future. 

Water heating and sterilizing in Oregon is not a 
problem of whether or not it can be done, but what 
wattages should be used under the varying conditions 
to give satisfactory service at a minimum cost for 
power. This involves a rate schedule. Water heating 
and sterilizing cannot be separated. That is, both must 
be done with electricity efficiently and at a cost that 
will meet competition, or neither. The only type of hot 
water service that a dairyman is justified in installing 
if he has water under pressure is a domestic hot water 
tank and not a type that requires dipping the hot 
water from a sterilizer and carrying it to the sink. It 
may be possible to “get by” with an electric sterilizer 
for a water heater at present, but it should be one that 
will merit its use as a sterilizer when a modern hot 
water tank and electric heater is installed later as 
finances permit. 


One of our major projects has been dairy refrigera- 
tion. Our cream refrigeration project has been based 
on the market demand for high-grade butter which 
requires a good quality sweet cream. At least half of 
the creameries of western Oregon are paying a pre- 





mium of 3 cents per lb. of butterfat for sweet cream 
free from objectionable flavors. A good cow will pro- 
duce 1 lb. of butterfat per day. If this cream is sold 
as No. 1 sweet cream it can be made to return 3 cents 
more per pound of butterfat than if sold at the next 
lower grade. Frequent delivery or electric refrigera- 
tion with delivery twice a week with reasonable sani- 
tation will permit the sale of No. 1 sweet cream. 

From our studies it has been found that it will cost 
from 25 to 35 cents per day for power, interest, and de- 
preciation for a chest-type dairy refrigerator which can 
be installed for about $500. This will take all of the 
s-cent premium from 9 to 12 cows to break even. A 
larger herd should return a profit. If the sweet cream 
is sold for restaurant use or ice cream, it should bring a 
premium of from 5 to 10 cents per pound. 

We have conducted experiments to determine the per- 
formance of the chest-type dairy refrigerator for milk 
cooling and believe it meets the requirements of the 
dairyman who handles his milk in cans, but does not 
bottle his milk. By using an agitator, 10 gal. of milk 
can be cooled to 50 deg. in 45 minutes by placing the 
can in the chest of refrigerated water. 

The dairyman who bottles his milk on the farm will 
find the chest-type refrigerator unsatisfactory. He 
should use a large reach-in box or walk-in room with 
sufficient brine for cooling the milk from 70 to 45 deg. 
by using a surface cooler through which the brine is 
circulated. Tap water can be used to cool from 95 
deg. to 65 or 70 deg. in the upper compartment of the 
surface cooler. This type of equipment will cost from 
$1,000 to $1,500. 

The biggest problem just now is to get the refriger- 
ator company representatives to select the right equip- 
ment for the job and neither over-sell nor under-sell 
the job. 


ELECTRICITY ON POULTRY FARMS 


The application of electricity to the poultry farm has 
been given considerable attention. Three bulletins have 
been issued up to the present time: 

Station Bulletin 231—Electric Lights for Increasing 
Egg Production. 





Station Circular 81—Electric Water Heaters for 
Poultry. 

Station Circular 88—Motor Driven Green Feed 
Chopper. 


A bulletin on electric brooders will be published soon. 


Electric brooder experiments began in 1926, but re- 
sults have been delayed by various interferences. In 
our tests we found that with a rate of 30 cents per 
kw.-hr. the electric power cost was slightly less for elec- 
tric brooding than the fuel cost for coal brooders when 
brooding in units of 400 or 500 chicks. Electric 
brooders require less labor than coal-stove brooders and 
do not give the trouble of over-heating or the fire going 
out when warm weather is experienced during the 
brooding season. 

We have had power interruptions of two hours on 
two occasions and had no difficulty in maintaining 
brooding temperatures by closing down the ventilation 
and putting all chicks under the hover. In one case it 
was on the second day of brooding and the other was 
on the sixth day with the outside temperature at 23 
deg. F. The operator must be on the job to attend to 
the chicks during power interruptions. The “safety 
first”? method calls for the use of a power-off alarm. 


I believe that, in general, electric brooder manufac- 
turers are over-rating their brooders. Good poultry- 
men will learn by experience if not by any other means 
that at least 7 sq.in. per chick is needed. 
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I would consider electric brooding very good as a load 
builder even though the season is short, beginning about 
March 15 and extending to June 1 for chicks. Brood- 
ing of turkeys would extend to July 1. Each brooder 
will bring a revenue of from $1 to $2 per month of 
operation with little or no change in equipment for 
service since each brooder has a demand of 500 to 
1,000 watts. 

Feed grinders and mechanical feed mixers have a 
place on many poultry farms. A set-up that is giving 
very satisfactory service on the college poultry farm 
consists of a 3-hp. motor which drives a burr mill, 
which drives a 300-lb. batch feed mixer, which drives a 
sacking elevator. This is a typical farm set-up for a 
one-story feed room which does not permit the use of 
overhead bins. In 50 minutes this equipment mixed 
1,550 lb. of pullet mash of eight ingredients and ground 
the 500 Ib. of corn used in the mix. In the following 35 
minutes, 1,400 lb. of corn and wheat were mixed and 
sacked. The two jobs required 3.4 kw.-hr. This 3-hp. 
motor is used on a combination rate permitting up to 
3 hp. in motors to be metered with the electric range. 

Since there are now available at least two good elec- 
tric water heaters for poultry, there is no reason why 
every utility having poultry producers in its territory 
should not be actively engaged in seeing that this 
equipment is available to the poultrymen and that 
publicity is given to value of this service. Heaters of 
from 100 to 150 watts are required for laying houses, 
and heaters as low as 50 or 75 watts are desirable for 
small containers. 


Hay Hotsts 


We have issued Station Bulletin 255 on “Electric Hay 
Hoists.” Perhaps this should be titled “The One Man 
Electric Hay Hoist,” for there is a particular difference 
between our hay hoists and all hay hoists we have been 
able to find on the market. 

At 3 cents per kw.-hr. it costs only 1 cent per ton to 
hoist hay, so the power companies will not draw much 
revenue from a hay hoist. However, it is another use 
for a utility motor of 3 to 5 hp. From the farmer’s 
standpoint, it eliminates one man and a team at haying 
time. 

The only difficulty at the present time is that there is 
no satisfactory single-lever hoist on the market at a 
price of from $80 to $100, which is the price that our 
friction hoist can be sold for. Nobody is going to make 
a lot of money on such a proposition, but I believe the 
utilities should start this off by financing the construc- 
tion of 30 or 40 hoists to be made up at once so that 
we can tell farmers where they can get a hoist such 
as the one we are using at the college and which is 
described in our bulletin. Furthermore, they can then 
be demonstrated at country fairs, as we have done at 
the Oregon State Fair the past two years. 





What Electric Service Means 
to A griculture* 


As Viewed by the Agricultural College 


By HoBART BERESFORD 


eee of the college of agriculture of the Uni- 
versity of Idaho was focused first directly on “what 
electric service means to agriculture” in 1925, when the 
Idaho State Committee on the Relation of Electricity 
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to Agriculture was first organized. Upon investigation, 
the executive committee found that it would be unneces- 
sary to build special rural test lines as had been the 
case in many states, because one of the distinguishing 
characteristics of agriculture in Idaho at that time was 
the use of central station electric service on the farm. 
This relatively wide distribution was made possible 
largely by the irrigation pumping load that had pio- 
neered the way for 1,259 miles of rural distribution 
line serving 7,006 rural customers. 


RESUME OF FARM CONDITIONS 


It has been the intention of the college of agriculture 
to co-operate with the Idaho Committee on the Relation 
of Electricity to Agriculture in an endeavor to find the 
facts relative to the beneficial use of electricity for the 
development of the agricuitural industry of the state. 
The first investigation sponsored by this group was the 
study of the use of electricity on Idaho farms at that 
time. It is the data reported by this study that gives 
the basis for the measure of progress made in electrify- 
ing Idaho farms. 

Approximately 60 per cent of the tillable land in the 
state is irrigated, and the use of eléctric power for 
irrigation pumping has made it feasible to extend 
transmission lines. The size of the irrigated farm usu- 
ally runs from 40 to 80 acres, the average in Canyon 
County being 68 acres, of which 47 acres were crop 
land. (Farm Census. United States Department of 
Commerce, Washington, D. C., 1925.) The average size 
of farm for the state is 200 acres, while in the dry-farm 
areas the farms may be 500 acres or more as shown by 
the average of 528 acres in Camus County. The num- 
ber of farms per mile per distribution line has been an 
important factor in making possible the extension of 
rural electric service. During the last five years the 
number of rural customers in Idaho has been doubled, 
giving slightly more than 14,000 rural customers, as of 
Jan. 1, 1930. This rapid extension of electric service 
to the farms of the state and the interest of the agri- 
cultural experiment station in the Idaho rural electri- 
fication project at Caldwell, gives the basis for “What 
Electric Service Means to Agriculture.” 


IRRIGATION AND DRAINAGE 


Irrigation continues to be one of the main reasons for 
extending rural lines. However, in many of our irri- 
gated areas the continual application of irrigation 
water has developed serious drainage problems, which 
offer a new opportunity for the use of electricity, for 
pumping wells for both irrigation and drainage. Al- 
though the development thus far in this field has been 
confined to the Boise Valley a study made this past 
year on six pumping plants used for this purpose in- 
dicates that in the near future drainage pumping will 
be an important part of our rural electrification 
program. 

DAIRYING 


Electric service in agriculture has helped in putting 
dairying on a firmer basis. In my opinion the real 
reason why farmers sell off their dairy herds just as 
soon as they get the mortgage paid off, is that they 
do not like to do the milking any better than the rest 
of us. Much of the hard work connected with dairying 
can be eliminated by the use of electrically operated 
equipment. Tests at Caldwell show that the milking 
machine alone saves 53% man-hours of labor per cow 
per year. As one farmer expressed it, “It is true that 
the milking machine saves some labor, but the import- 
ant thing is—it saves the time that allows me to irri- 
gate in the morning when I should.” I take care of 











my 20 cows without much more work than I used to 


have with seven.” The thought hinted at in this quota- 
tion promises the greatest possibility for the future of 
electric service in agriculture, namely the increased 
capacity and hence increased income for the individual 
worker and a more desirable distribution of labor. Time 
saving and labor distribution is not the only advantage 
of electricity in the dairy. Field tests conducted by 
the dairy department have shown that motor operated 
cream separators actually save their owners money by 
putting more cream in the can, due to the efficient 
operation of the separator when the electric motor is 
used for power. 


FARM MOTORS 


The use of the portable farm motor is becoming more 
popular and promises possibilities of mechanizing the 
small farm on such jobs as feed grinding, hay hoisting, 
silo filling, etc., to the extent that our small farm units 
may compete on an equal basis with the large scale 
farms where mass production is practiced by the use 
of field power and machinery that as yet remains un- 
adapted to the 40-acre units. The 5-hp. motor is doing 
its share to replace the horses in the state which are 
decreasing at an average rate of 10,000 head per year 
for the last ten years. (The Annual Livestock Inven- 
tory, Jan. 1, 1930. United States Department of Agri- 
culture, division of crop and livestock estimates.) 
Teams are vanishing from the old sweep feed mills and 
electrically operated hay hoists do away with both the 
derrick team and driver. 


When electric motors are used for filling silos the 
tractor is kept in the field and the size of the crew 
reduced so that fewer teams are required and a better 
distribution of labor obtained. On the whole what the 
college of agriculture thinks ef.electric service in agri- 
culture must necessarily be a reflection of what we 
hear from the farmers themselves, and in the case of 
feed grinding one of the best farmers in the Boise 
Valley says, “Feed grinding on the farm is a great 
convenience, and my 3-hp. electric motor furnishes ideal 
power for the job.” 


POULTRY 


Poultry production is one of the important indus- 
tries of our agriculture, and electricity plays an ever 
increasing part in the elimination of labor and increas- 
ing the profits for our poultry man. Incubation and 
brooding have demanded a high standard of service, and 
I am glad to say that the increased use of electric in- 
cubators and brooders indicates that the power com- 
panies are meeting this demand successfully. The use 
of electric lights for increasing the feeding period of 
both poultry and livestock is a practice that promises 
lower production cost and increased profits. Water 
heating for stock and poultry as well as the farm 
kitchen and dairy is another application that is being 
more and more appreciated. 


LIVING CONDITIONS 


The aggressive rural electric program that has been 
sponsored in Idaho has done more to improve rural 
living conditions than any other single activity. When 
electric service is available there is a real incentive to 
install a water system, which is usually followed by 
modern plumbing, and a general improvement of living 
conditions, which eliminates much of the drudgery for 
the farmwife. The electric washing machine, iron, 
range, refrigerator, vacuum cleaner, save hours of 
labor and gives the farmer’s wife more time to spend 
in making the farm home more attractive and livable. 





Greatest of all the values of electric service in agri- 
culture is the influence on the farmer himself. As our 
rural lines are extended we find the improvement of 
living conditions attracting better farmers to our state, 
and agriculture like all other industries is dependent 
for its advance, not upon the power, and machinery, or 
the crops, lands and livestock, but upon the men and 
women engaged in the industry. 


Value of Executive Demand 
in Building Rural Load* 


By J. C. Scorr 


CANNOT hazard a guess as to what many of the 

old and experienced men of the electric light and 
power industry will think of me for being so liberal 
with suggestions of what they can do to develop and 
increase farm business. Yet, since I have been given 
this subject I promise to be honest with reference to 
my own convictions. I realize that men who have the 
responsibility of leading this great industry have many 
obligations that I know nothing about, and that if I 
had all the information they have, together with their 
good judgment, I would probably do as they do, or 
not as well. But it is because in my position I see 
things in a different tight and from viewpoints which 
they may not have that I make these segzesTions. 

I am convinced that, if we are to make a first-class 
job of farm electrification, we must give the farmers 
the kind of service they want. We may think we are 
giving just the kind of service that we would want if 
we were in their place, but are we? And, if we are not, 
what can the executives do about it? 

Concerning the kind of service farmers want, permit 
me to relate the experience of A. R. Hamerquist, local 
manager for the Puget Sound Power & Light Company 
at Stanwood and adjacent territory, which is a small 
district in northwest Washington devoted to general 
farming. 


Motor SALES Most EFFICIENT 


When Mr. Hamerquist was put in charge of the 
Stanwood territory he outlined for himself and very 
successfully carried out a farm electrification program 
which differs in some respects from the practices of 
most power companies. He helped farmers to do their 
general farm work with electricity to the extent of 
putting 91 motors on farms in his small territory in 
one year. Here is what he says about the farm motor 
business: 


In spite of two rate reductions our revenue for the Stan- 
wood office shows a gradual increase over last year. Our 
load curve has stayed nearly up to normal during the past 
summer, where it generally drops considerably at that time 
of year. Putting electric motors on our farm lines has had 
more to do with our increased revenue and getting a better 
load factor than anything else. The load factor on many 
farms has been increased from a bare 10 per cent to 30 per 
cent, due to the installation of motors and machines to do 
farm work. 

Motors generally are easier to sell to farmers than ranges. 
They make a better introduction to a first call on the farmer. 





He will listen to a talk on motors where he will not om 
ranges. The sale of a motor makes a friend and leads to 
the sale of a range and other household equipment. We have 
sold many motors to farmers whose wives later came into 
the office and bought ranges unsolicited. This office got first 
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place in the last range campaign in this district, and we did 
little soliciting. 


Selling motors to farmers and giving service in helping 
to get the motors properly connected, has sold securities for 
us as well as ranges. Some of the farmers who used to be 
our worst knockers are now buying our stock and advising 
their friends to cut out some of the hard work and use a 
motor. The change came about:because we sold them motors 
and then made the motor work satisfactorily. 


In many instances farmers “got sore’ at the company 
because motors that they bought from dealers won’t work 
satisfactorily. They blame it entirely on the company, while 
it is probably because of too small wire leading to the motor. 
Sometimes the farmer puts a larger motor on his line than 
his transformer will handle. In any case, we fix the diffi- 
culty at once or show him definitely and simply what the 
trouble is, so he can fix it. 

Selling motors is a matter of giving service with the motor. 
It is necessary to work with the service department and see 
that the wires and transformers are right before the motor 
is ever turned on. Because this service is necessary the sell- 
ing of motors is absolutely a power company activity. 

Advertise to the farmers that the power company men are 
ready to give this service on motors, and see that each 
farmer gets the literature and advertising material that he 
should be interested in. 


Always work motors on extensions, as it is easier to get 
revenue in this way than is generally supposed. If the farmer 
cannot afford an automatic pumping outfit, get him to put 
a motor on his pump jack. As soon as he can afford an 
automatic outfit he will take the motor off the pump jack 
and use it for feed cutters or other uses. 


Motors sheuld be sold to farmers just like ranges and 
washing machines are sold. I have repeatedly gone onto 
farms where gas engines were used and got the farmer to 
let me install an electric motor in its place on trial. I see 
that the moter works right and the result is not only a 
motor sale but more friendly feeling toward the company. 


I would venutre to state that in a very few years we will 
look back and wonder why we were so slow in our methods 
in attempting to build up the load on existing lines and bring 
the factor load of individual customers up to a point where 
investment and revenue ratio no longer are strangers. 


EXECUTIVE DEMAND NEEDED 


You may say, “If this motor business is such a good 
thing, why don’t more men carry out a similar pro- 
gram?” 

The answer is simply this: All worth-while develop- 
ments must have a small start and grow, rather than 
jump, toward perfection or completion. Farm electri- 
fication as carried on at present by the utilities started, 
and is making rapid growth, in the home. The entire 
sales force of each company is doing a splendid job 
in carrying out the policy outlined by their executives. 
All men want to please those to whom they are respon- 
sible, and very few care to take the personal respon- 
sibility of enlarging on the program outlined for them. 


In other words, the sales promotion set-up of most 
utilities does not at present include load-building de- 
vices outside the farm home. Consequently, it is only 
natural that when farmers come to us for information 
about doing their farm work by electric methods re- 
quiring apparatus which we do not merchandise, they 
do not get the same service attention and encourage- 
ment as they do when interested in electric farm prac- 
tices which might result in a sale of merchandise. 


The setting up of quotas and competitive selling has 
proved successful in home electrification, but home elec- 
trification is not complete farm electrification. Farmers 
are becoming interested and want information concern- 
ing electric apparatus and service with which they can 
satisfactorily pump water, cut and grind feed, fill silos, 
hoist hay, milk cows, heat water (for chickens and 
cows and for washing dairy utensils); light, brood 
and incubate chickens, operate a hotbed, burn stumps, 
spray orchards, and do many other things. 


May 15, 1930 — Electrical West 


PROPER ORGANIZATION NEEDED 


Such a farm electrification program does not neces- 
sarily mean the hiring of an additional force of men. 
Nor does it mean that the power companies should 
actually sell all electrical farm apparatus. It does 
mean, however, that the utilities arrange their set-ups 
so their men will have more incentive to build up the 
farm load. That is, employees should be given recog- 
nition in some way, so that they will feel it is their 
job actively to encourage farmers to use electricity in 
every possible way, regardless of whether they sell the 
apparatus or help the farmers to get it from some one 
else. And then see that his electric service, including 
transformer, wiring, rates, etc., fit the job. 

To illustrate this point, let us consider the farmer 
who might inquire at a utility office for a motor to do 
farm chores. Suppose the power company does not 
handle motors. The farmer gets such meager informa- 
tion that he buys a gas engine. Or, he may go to a 
dealer, get a 5-hp. motor, connect it to his light meter 
with 500 ft. of No. 14 wire, and perhaps off a 14-kw. 
transformer, thereby causing him enough trouble to 
breed an unnecessary amount of ill will against the 
company. In any event, either situation is undesirable 
from the standpoint of the utility company attempting 
to build farm load. 

A farm electrification program properly planned will 
make it the responsibility of the employees of the util- 
ity to see that farmers get complete service and infor- 
mation so they can do their work with electricity. 
While this idea is carried out in many respects by all 
companies, yet there is much farm apparatus com- 
ing into use to which little attention is given by the 
utilities. 

All executives realize that the real goal toward which 
their companies are working is profitable load build- 
ing by electric service in a way satisfactory to their 
customers. Merchandising is a very important means 
to this end. However, executives often bear down on 
merchandising certain load-building devices until the 
employees feel that the sale of this particular appa- 
ratus is the final objective. Such a condition often 
causes much lack of interest in other load-building 
devices, resulting in dissatisfied customers. 

Utility service should include more careful attention 
to working up line extensions with farmers who want 
service. A lack of correct information about how line 
extensions are financed and built leads to much mis- 
understanding among farmers and militates against 
load building. Many more farmers will be enjoying 
electric service, when the utilities have a better under- 
standing of the possible load on farms, and when the 
farmers have more complete knowledge of how they 
can get electric service. Executives should consider the 
advisability of instalment payments for prepaid rev- 
enue. It is being done in the Middle West with success. 


CLOSER CONTACT WITH FIELD MEN ADVOCATED 

Power company executives should take time from 
other duties to mingle more with that part of their 
personnel that represents their companies to the pub- 
lic. Also they should mingle more with the public. 
Two needed improvements would result. First, there 
would be instilled in the employees a more personal 
feeling toward their company and a better understand- 
ing of the high ideals concerning service to the public, 
which should make possible the elimination of many 
rigid rules. Second, it would give the executive a bet- 
ter understanding of how his company’s service affects 
the public, and thereby help him to form company 
policies that will bring about an improved feeling on 
the part of the public. 
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my 20 cows without much more work than I used to 


have with seven.” The thought hinted at in this quota- 
tion promises the greatest possibility for the future of 
electric service in agriculture, namely the increased 
capacity and hence increased income for the individual 
worker and a more desirable distribution of labor. Time 
saving and labor distribution is not the only advantage 
of electricity in the dairy. Field tests conducted by 
the dairy department have shown that motor operated 
cream separators actually save their owners money by 
putting more cream in the can, due to the efficient 
operation of the separator when the electric motor is 
used for power. 


FARM MorTors 


The use of the portable farm motor is becoming more 
popular and promises possibilities of mechanizing the 
small farm on such jobs as feed grinding, hay hoisting, 
silo filling, etc., to the extent that our small farm units 
may compete on an equal basis with the large scale 
farms where mass production is practiced by the use 
of field power and machinery that as yet remains un- 
adapted to the 40-acre units. The 5-hp. motor is doing 
its share to replace the horses in the state which are 
decreasing at an average rate of 10,000 head per year 
for the last ten years. (The Annual Livestock Inven- 
tory, Jan. 1, 1930. United States Department of Agri- 
culture, division of crop and livestock estimates.) 
Teams are vanishing from the old sweep feed mills and 
electrically operated hay hoists do away with both the 
derrick team and driver. 


When electric motors are used for filling silos the 
tractor is kept in the field and the size of the crew 
reduced so that fewer teams are required and a better 
distribution of labor obtained. On the whole what the 
college of agriculture thinks of electric service in agri- 
culture must necessarily be a reflection of what we 
hear from the farmers themselves, and in the case of 
feed grinding one of the best farmers in the Boise 
Valley says, “Feed grinding on the farm is a great 
convenience, and my 3-hp. electric motor furnishes ideal 
power for the job.” 


POULTRY 


Poultry production is one of the important indus- 
tries of our agriculture, and electricity plays an ever 
increasing part in the elimination of labor and increas- 
ing the profits for our poultry man. Incubation and 
brooding have demanded a high standard of service, and 
I am glad to say that the increased use of electric in- 
cubators and brooders indicates that the power com- 
panies are meeting this demand successfully. The use 
of electric lights for increasing the feeding period of 
both poultry and livestock is a practice that promises 
lower production cost and increased profits. Water 
heating for stock and poultry as well as the farm 
kitchen and dairy is another application that is being 
more and more appreciated. 


LIVING CONDITIONS 


The aggressive rural electric program that has been 
sponsored in Idaho has done more to improve rural 
living conditions than any other single activity. When 
electric service is availabie there is a real incentive to 
install a water system, which is usually followed by 
modern plumbing, and a general improvement of living 
conditions, which eliminates much of the drudgery for 
the farmwife. The electric washing machine, iron, 
range, refrigerator, vacuum cleaner, save hours of 
labor and gives the farmer’s wife more time to spend 
in making the farm home more attractive and livable. 





Greatest of all the values of electric service in agri- 
culture is the influence on the farmer himself. As our 
rural lines are extended we find the improvement of 
living conditions attracting better farmers to our state, 
and agriculture like all other industries is dependent 
for its advance, not upon the power, and machinery, or 
the crops, lands and livestock, but upon the men and 
women engaged in the industry. 


Value of Executive Demand 


in Building Rural Load* 


By J. C. Scorr 


CANNOT hazard a guess as to what many of the 

old and experienced men of the electric light and 
power industry will think of me for being so liberal 
with suggestions of what they can do to develop and 
increase farm business. Yet, since I have been given 
this subject I promise to be honest with reference to 
my own convictions. I realize that men who have the 
responsibility of leading this great industry have many 
obligations that I know nothing about, and that if I 
had all the information they have, together with their 
good judgment, I would probably do as they do, or 
not as well. But it is because in my position I see 
things in a different tight and from viewpoints which 
they may not have that I make these segzesTions. 

I am convinced that, if we are to make a first-class 
job of farm electrification, we must give the farmers 
the kind of service they want. We may think we are 
giving just the kind of service that we would want if 
we were in their place, but are we? And, if we are not, 
what can the executives do about it? 

Concerning the kind of service farmers want, permit 
me to relate the experience of A. R. Hamerquist, local 
manager for the Puget Sound Power & Light Company 
at Stanwood and adjacent territory, which is a small 
district in northwest Washington devoted to general 
farming. 


Motor SALES Most EFFICIENT 


When Mr. Hamerquist was put in charge of the 
Stanwood territory he outlined for himself and very 
successfully carried out a farm electrification program 
which differs in some respects from the practices of 
most power companies. He helped farmers to do their 
general farm work with electricity to the extent of 
putting 91 motors on farms in his small territory in 
one year. Here is what he says about the farm motor 
business: 


In spite of two rate reductions our revenue for the Stan- 
wood office shows a gradual increase over last year. Our 
load curve has stayed nearly up to normal during the past 
summer, where it generally drops considerably at that time 
of year. Putting electric motors on our farm lines has had 
more to do with our increased revenue and getting a better 
load factor than anything else. The load factor on many 
farms has been increased from a bare 10 per cent to 30 per 
cent, due to the installation of motors and machines to do 
farm work. 

Motors generally are easier to sell to farmers than ranges. 
They make a better introduction to a first call on the farmer. 
He will listen to a talk on motors where he will not om 
ranges. The sale of a motor makes a friend and leads to 
the sale of a range and other household equipment. We have 
sold many motors to farmers whose wives later came into 
the office and bought ranges unsolicited. This office got first 





* Supplement No. 3 


to the report of the rural electric service 
com mittee. 


Electrical West — Vol. 64, No. 6 





place in the last range campaign in this district, and we did 
little soliciting. 

Selling motors to farmers and giving service in helping 
to get the motors properly connected, has sold securities for 
us as well as ranges. Some of the farmers who used to be 
our worst knockers are now buying our stock and advising 
their friends to cut out some of the hard work and use a 
motor. The change came about: because we sold them motors 
and then made the motor work satisfactorily. 


In many instances farmers “got sore” at the company 
because motors that they bought from dealers won’t work 
satisfactorily. They blame it entirely on the company, while 
it is probably because of too small wire leading to the motor. 
Sometimes the farmer puts a larger motor on his line than 
his transformer will handle. In any case, we fix the diffi- 
culty at once or show him definitely and simply what the 
trouble is, so he can fix it. 

Selling motors is a matter of giving service with the motor. 
It is necessary to work with the service department and see 
that the wires and transformers are right before the motor 
is ever turned on. Because this service is necessary the sell- 
ing of motors is absolutely a power company activity. 

Advertise to the farmers that the power company men are 
ready to give this service on motors, and see that each 
farmer gets the literature and advertising material that he 
should be interested in. 

Always work motors on extensions, as it is easier to get 
revenue in this way than is generally supposed. If the farmer 
cannot afford an automatic pumping outfit, get him to put 
a motor on his pump jack. As soon as he can afford an 
automatic outfit he will take the motor off the pump jack 
and use it for feed cutters or other uses. 


Motors should be sold to farmers just like ranges and 
washing machines are sold. I have repeatedly gone onto 
farms where gas engines were used and got the farmer to 
let me install an electric motor in its place on trial. I see 
that the motor works right and the result is not only a 
motor sale but more friendly feeling toward the company. 

I would venutre to state that in a very few years we will 
look back and wonder why we were so slow in our methods 
in attempting to build up the load on existing lines and bring 
the factor load of individual customers up to a point where 
investment and revenue ratio no longer are strangers. 


EXECUTIVE DEMAND NEEDED 


You may say, “If this motor business is such a good 
thing, why don’t more men carry out a similar pro- 
gram?” 

The answer is simply this: All worth-while develop- 
ments must have a small start and grow, rather than 
jump, toward perfection or completion. Farm electri- 
fication as carried on at present by the utilities started, 
and is making rapid growth, in the home. The entire 
sales force of each company is doing a splendid job 
in carrying out the policy outlined by their executives. 
All men want to please those to whom they are respon- 
sible, and very few care to take the personal respon- 
sibility of enlarging on the program outlined for them. 


In other words, the sales promotion set-up of most 
utilities does not at present include load-building de- 
vices outside the farm home. Consequently, it is only 
natural that when farmers come to us for information 
about doing their farm work by electric methods re- 
quiring apparatus which we do not merchandise, they 
do not get the same service attention and encourage- 
ment as they do when interested in electric farm prac- 
tices which might result in a sale of merchandise. 


The setting up of quotas and competitive selling has 
proved successful in home electrification, but home elec- 
trification is not complete farm electrification. Farmers 
are becoming interested and want information concern- 
ing electric apparatus and service with which they can 
satisfactorily pump water, cut and grind feed, fill silos, 
hoist hay, milk cows, heat water (for chickens and 
cows and for washing dairy utensils); light, brood 
and incubate chickens, operate a hotbed, burn stumps, 
spray orchards, and do many other things. 


May 15, 1930 — Electrical West 


PROPER ORGANIZATION NEEDED 


Such a farm electrification program does not neces- 
sarily mean the hiring of an additional force of men. 
Nor does it mean that the power companies should 
actually sell all electrical farm apparatus. It does 
mean, however, that the utilities arrange their set-ups 
so their men will have more incentive to build up the 
farm load. That is, employees should be given recog- 
nition in some way, so that they will feel it is their 
job actively to encourage farmers to use electricity in 
every possible way, regardless of whether they sell the 
apparatus or help the farmers to get it from some one 
else. And then see that his electric service, including 
transformer, wiring, rates, etc., fit the job. 

To illustrate this point, let us consider the farmer 
who might inquire at a utility office for a motor to do 
farm chores. Suppose the power company does not 
handle motors. The farmer gets such meager informa- 
tion that he buys a gas engine. Or, he may go to a 
dealer, get a 5-hp. motor, connect it to his light meter 
with 500 ft. of No. 14 wire, and perhaps off a 144-kw. 
transformer, thereby causing him enough trouble to 
breed an unnecessary amount of ill will against the 
company. In any event, either situation is undesirable 
from the standpoint of the utility company attempting 
to build farm load. 

A farm electrification program properly planned will 
make it the responsibility of the employees of the util- 
ity to see that farmers get complete service and infor- 
mation so they can do their work with electricity. 
While this idea is carried out in many respects by all 
companies, yet there is much farm apparatus com- 
ing into use to which little attention is given by the 
utilities. 

All executives realize that the real goal toward which 
their companies are working is profitable load build- 
ing by electric service in a way satisfactory to their 
customers. Merchandising is a very important means 
to this end. However, executives often bear down on 
merchandising certain load-building devices until the 
employees feel that the sale of this particular appa- 
ratus is the final objective. Such a condition often 
causes much lack of interest in other load-building 
devices, resulting in dissatisfied customers. 

Utility service should include more careful attention 
to working up line extensions with farmers who want 
service. A lack of correct information about how line 
extensions are financed and built leads to much mis- 
understanding among farmers and militates against 
load building. Many more farmers will be enjoying 
electric service, when the utilities have a better under- 
standing of the possible load on farms, and when the 
farmers have more complete knowledge of how they 
can get electric service. Executives should consider the 
advisability of instalment payments for prepaid rev- 
enue. It is being done in the Middle West with success. 


CLOSER CONTACT WITH FIELD MEN ADVOCATED 

Power company executives should take time from 
other duties to mingle more with that part of their 
personnel that represents their companies to the pub- 
lic. Also they should mingle more with the public. 
Two needed improvements would result. First, there 
would be instilled in the employees a more personal 
feeling toward their company and a better understand- 
ing of the high ideals concerning service to the public, 
which should make possible the elimination of many 
rigid rules. Second, it would give the executive a bet- 
ter understanding of how his company’s service affects 
the public, and thereby help him to form company 
policies that will bring about an improved feeling on 
the part of the public. 
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By simply adding a public relations department or 
a farm service department to a company does not solve 
the problem. These departments have a very important 
work to do, but they cannot reach all customers with 
better public relations ideas and improved farm prac- 
tices except through the help and co-operation of the 
company as.a whole. 

Misunderstandings by farmers might be prevented 
if the power companies would confer with one another 
before making radical changes in policies and rates. 
Farmers cf different sections compare their service and 
rates, and while it is impussible to make all conditions 
of service and rates similar for differ -nt sections, yet 
much can be accomrlished «long this line. Bear in 
mind that satisfactory relations with farmers have 
muck t du with their load bu:.ding. 

Nothing is said about rate reduction in this paper, 
because there are many other improvements of much 
more importance which should be put into practice 
before rates are reduced again. However, there should 
be a one-meter rate, with one minimum or fixed charge 
applicable to most farms, under say a 10-kw. demand 
(not connected load), encouraging, instead of discour- 
aging, farmers to buy apparatus and machines to do 
numerous jobs without having to pay minimums on 
several meters or on connected hp. The nature of farm 
operation is irregular. One electric use is in operation 
only a short time during the day, or at best for short 
seasons of the year. A desirable farm load can be 
built up by developing and encouraging numerous uses. 


SUMMARY 


In conclusion, the following is a brief statement of 
how utility executives might co-operate in building 
farm load: 


1. Arrange a set-up so all employees connected with 
the sales department will get recognition and feel it 
their job to give proper assistance and encourage far- 
mers to do any and everything possible with electricity. 
Quotas should be on a basis of kw.-hr. consumed. 

2. See that farmers get a better understanding of 
the basis on which line extensions are built. 

3. Get closer to the company personnel and to the 
public, by personal contact. 

4. More intra-company conferences on vital issues, 
policies, rates, etc., affecting the public. 

5. Put into effect a one-meter rate affecting all farm 
uses up to a certain demand. 


Developing a Local Organization 
for Farm Load Building 
and Rural Extension* 


By W. M. HAMILTON 


HE chairman of the rural electric service com- 

mittee, in assigning this topic to me for discussion 
requested that as far as practical I confine the discus- 
sion to actual experience, and specific suggestions. His 
idea is to bring out in the general discussion the ex- 
perience of others so that all of us in attendance may 
benefit therefrom. 


We all realize that is it impractical to develop and 
set forth a formula, or set of rules, for “developing 
a local organization for rural extensions and farm load 
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building,” that will fit and apply to all local conditions 
and requirements. 

Probably it is equally, if not more difficult, to stand- 
ardize this activity than any other in the central sta- 
tion business at this time. 

The following major factors will control and govern 
the development of such an organization in proportion 
to their relative weight of importance in each case: 

1. Number of existing farm customers in the district. 

2. Number of farms in the district not being sup- 
plied with service. 

3. Character, or kind of farms predominating in the 
district. 

4. Political expediency. 

5. Personnel available for this work. 

Personnel, although mentioned last, is by no means 
the least important factor controlling the set-up of 
the local organization. 


There appears to be in the Northwest territory two 
rather distinct and well defined ideas and policies as to 
the development of farm load. As in many other ac- 
tivities, both of these ideas, although quite different, 
are deemed quite efficient in producing the desired 
result. It is quite possible that the divergence between 
the ideas in the respective districts is due to the di- 
vergence, between the factors above mentioned, con- 
trolling the nature of the organization and methods 
pursued by it in the development of the load. 


The two different ideas and policies are exemplified 
by the practices and methods in the Puget Sound terri- 
tory on one hand, and those being undertaken and advo- 
cated in Oregon by the Oregon State Agricultural Col- 
lege, and most of the power companies. These two dis- 
tricts have approached the problem from different an- 
gles being motivated in the development of farm load 
very largely by divergent factors. These factors are 
not within the scope of this discussion but should be 
investigated, understood, and considered in developing 
local organizations for farm load building. 


Believing that the factors mentioned in the Willam- 
ette Valley Division of the Pacific Northwest Public 
Service Company were rather a combination of the 
factors which motivated the Puget Sound company in 
the adoption of its policies and those which are behind 
the policies advocated by the Oregon college and com- 
panies, we have endeavored to employ those parts of 
both plans which seem to best meet our local re- 
quirements. 


CONDITIONS IN WILLAMETTE VALLEY 


There are about 13,000 customers in the division, 
about ten per cent of which are rural and farm cus- 
tomers. About sixty per cent of the main roads radi- 
ating out from the cities and towns in the division 
have rural distribution lines upon them. About forty 
per cent of the crossroads in the vicinity of the same 
cities and towns are also being served. 


We are operating under what is known as the “equity 
plan” as distinguished from the “annuity plan” of line 
extension policy. The maximum investment, or equity 
being carried by the farmers in these lines with a few 
exceptions is $150. The rate being paid by these far- 
mers for residence service is the same as that paid 
for similar service in Portland, Salem, and other cities 
and towns of the system plus a delivery charge to cover 
the additional cost of rural service not in excess of 
$1.50 per month with a few exceptions. The combina- 
tion of the urban rate and this delivery charge result: 
in a combination rate that is promotional in nature 
and is of great assistance in building up the farm 
load after the extension is completed, as the average 
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cost per kw.-hr. drops off very rapidly with an increase 
in the consumption. 

There is a great variety in the character and kind 
of farms in this territory running all the way from 
intensified truck gardening to mere cattle grazing land, 
including dairy farms, berries, tree fruits, and grain 
Diversified farming in two or more of the above men- 
tioned lines is being practiced by many farmers and 
is being advocated by the agricultural college. 

There is considerable demand by farmers and some 
politicians for the extension of electric distribution lines 
into the rural districts not served. This extension work 
is going forward steadily year by year, but no record- 
breaking progress is being made in this line because 
we have refrained from making extensions that would 
not be self-supporting in the near future. Our idea 
has been to cover the territory as rapidly as practical, 
but not necessarily as rapidly as possible, and to build 
well even if necessarily slowly, believing that any 
business, or branch of a business, can grow success- 
fully only on a firm and sound foundation. 


DEVELOPING AN ORGANIZATION 

With the foregoing conditions, principles, and ideas 
in mind as a guide, we have developed a local organi- 
zation of three men in this division for the promotion 
of rural extensions and farm load building. 

Believing that a thorough knowledge of farm condi- 
tions both from a practical and a theoretical stand- 
point was of major importance in developing farm 
load, we first employed a young man who had been 
raised on a farm, and had graduated from the agri- 
cultural department of the Oregon State Agricultural 
College. To test out this man’s qualifications for the 
work in mind from the standpoint of ability to apply 
himself to the tasks assigned to him, and his ability 
to make friends with employees and others, he was 
placed in a couple of positions in the company where 
we could observe his qualifications. After he had dem- 
onstrated to our satisfaction that he had the proper 
personality and character to represent the company in 
its dealings with the farmers, he was assigned to rural 
extension work. 

We next employed another young man who had been 
raised on a farm, and had considerable practical farm 
experience, although he is not an agricultural college 
graduate. He has also had a few years experience in 
the line department of a central station, and a few 
more years in the merchandise and security sales de- 
partment of other electric power utilities. Here again 
we were careful to make sure, as far as possible, that 
he had the right qualifications in character and per- 
sonality to meet and deal with the farmers success- 
fully before putting him on the rural service work. 
We had an opportunity to observe his qualifications 
in this respect while he was in our security sales de- 
partment. 

The third man, although he had but little practical 
farm experience and was not an agricultural graduate, 
had considerable experience before entering our employ 
as a representative of other electric utilities in agricu!- 
tural communities, and had specialized lately on rural 
electrification. 


METHOD OF OPERATION 


Up to the present time these men have been largely 
engaged in the promotion of extensions. When a far- 
mer, who is not being served, makes inquiry at the 
office as to the possibilities and cost of securing elec- 
tric service, the inquiry is turned over to one of these 
men who calls on the farmer at his home. Then, either 
alone or with the aid of the farmer and possibly one 
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or two neighbors, he canvasses the other residents 
living on the road. Having obtained an idea as to 
who are interested in having service, the rural service 
man proceeds to make up a formal working estimate 
of the line required to serve the farmers in question. 


He then advises the customers as to what their 
share of the cost of the extension will be, and explains 
the company’s policy in regard to extensions, rates, 
etc. He then secures their application for service under 
our standard contract for service involving line exten- 
sions, collects money due thereon, and stakes out the 
line for the line department. 


From this point on, the line department proceeds 
with the work of installing the line, the rural service 
man keeping in close touch with the work so as to 
tell the linemen of any special conditions or requests 
that the farmers have made regarding the construction 
of the line. By so doing, he eliminates the possibility 
of friction between the farmers and the linemen, which 
might otherwise be engendered. At the same time, he 
also assists the farmer in having his house wired by 
advising him how to proceed either to do the work 
himself, or to contract with the wiring contractors 
to have it done at the most reasonable terms. After 
the line is installed, and the farmer’s premises con- 
nected, the rural service man follows up each exten- 
sion and calls the farmer’s attention to the various 
ways in which he can make use of the service to his 
most economical advantage and convenience. 

You can readily see that by the time the line has 
been completed and put into commission, the rural 
service man has built up quite an intimate contact 
with most of the farmers on the line. As proof that 
this is true, it is very interesting and sometimes almost 
amusing to note the attitude of the farmers when they 
come in to the office seeking information of some kind 
pertaining to their electric service. They ask for and 
want to deal with the rural service man and no one 
else. They will even make a trip into town at a later 
date to meet the rural service man if they cannot find 
him in on the first call. It is a well known fact that 
the average farmer does not like to do business with 
a stranger if he can avoid it, and for the time being 
at least, all employees in the “soul-less” corporation 
are strangers to him except the rural service man. 


We therefore recommend that these rural service 
men be local men attached to the local office of the 
company, and handle all phases of the promotion of 
the line extensions, as outlined above. Such a rural 
service man is in a much more favorable position to 
advise the farmer regarding the installation of elec- 
trical equipment after the line is completed than would 
be a representative from the central office of the com- 
pany who would be a stranger to the farmer. People 
who have not had the opportunity to study first-hand 
this psvchological characteristic of the averave far- 
mer will not appreciate what weight should be given 
to this phase of the matter in considering a local 
organization for developing farm load. 


INTENSIVE SOLICITATION DELAYED TILL LATER 


No intensive solicitation is made immediately fol- 
lowing the completion of a line extension in an effort 
to induce the customer to buy additional equipment 
at that time, as we have found from experience that 
the customer is not in a receptive mood to consider 
such a proposition at that time, due to having in- 
vested considerable money in the wiring of his prem- 
ises, and purchasing such equipment as he already 
yanted and needed. 


The development of farm load through the medium 
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of various kinds of printed matter, demonstrations, 
lectures, fair exhibits, etc., can be most advantageously 
handled, we believe, by a rural service publicity man 
operating in or out of the main office of the company, 
with the aid of the local rural service men in the 
various districts. 

After we have covered our territory more thor- 
oughly with distribution lines, we propose to devote 
more and more of the rural service man’s time to the 
development of the load on the existing lines. By that 
time, the farmers will have had the service long enough 
to have become accustomed to the advantages of the 
electric lighting, domestic water pumping, etc., and 
will have had time to recover, so to speak, from the 
expense of installing the electrical service, and will 
be in a position to consider the extension of the use 
of the service, both domestically and industrially in 
their farm work. 

In the meantime, we are sending to all whom we 
believe will be good prospects, the little magazine en- 
titled, “Electricity on the Farm,” and other literature 
from time to time, thereby sowing the seeds of desire 
for additional electrical equipment, and paving the 
way for the approach of our rural service men at a 
later date. 


TRANSPORTATION IS A PROBLEM 


The question of the proper kind of transportation 
for these rural service men has been more or less of 


a problem, and there is still considerable difference of 
opinion between rural service men as to the best form 
of a car to use. We believe that it is about an even 
choice between the tudor sedan, or coach type of car, 
and the delivery type of car, with the doors in the 
back, which also has provision for installing addi- 
tional seats readily, so that the car will carry three 
or more passengers. The display car, or truck, car- 
rying samples of the various kinds of domestic ap- 
pliances and water pumps has not proved to be the 
success that was first anticipated. 


FARM LOAD BUILDING IS HIGHLY SPECIALIZED 


In conclusion, it seems highly desirable to emphasize 
the necessity of having in at least each principal dis- 
trict or division office, a local organization consisting 
of one or more men thoroughly qualified by practical 
experience, education, personality, and character to 
carry on this specialized work of farm load building, 
as practically all of the other men in the electrical 
power business are unfamiliar with this highly spec- 
ialized line of work. 

Most of us who may be competent electricians and 
electrical engineers and public utility managers have 
very little knowledge of the science and practical work 
of agriculture, and we must therefore use the best 
judgment and care in the selection of our rural service 
men, and then depend upon them to carry on this 
work in a practical, efficient; and progressive manner. 


Engineering Section Report’ 


F . Vapheiaicrsiscny of the Engineering Section have been 

carried on by its executive committee and nine 
standing committees. These standing committees 
do their work largely through correspondence. On a 
few occasions, however, some of the committees have 
held meetings. The executive committee has held sev- 
eral meetings during the past year. 

The seventh annual general meeting of the section 
was held March 26-28 in Aberdeen, Wash. Each of the 
standing committees presented a portion of the pro- 
gram which, to a certain extent, was a summary of its 
work during the year. The transactions of this gen- 
eral meeting will be published in book form, copies of 
which may be obtained by those interested in the sub- 
jects discussed. These subjects will be listed further 
on in this report. 


CONTACT WITH NATIONAL ENGINEERING SECTION 


There has been a marked improvement in the co- 
operation of geographic committees with the corres- 
ponding national committees. This has been brought 
about by the appointment of a geographic contact man 
in each of the national committees. This person, who is 
a vice-chairman, is assigned the duty of co-ordinating 
the activities of the geographic committee with the 
national committee. 

Three delegates were sent to the first group meeting 
of the Engineering National Section held in Pittsburgh, 
Pa., Sept. 30 to Oct. 3, 1929. Four representatives 





1 Executive Committee: D, W. Proebstel, chairman; E. F. 
Pearson, vice-chairman; J. B. Brokaw, S. B. Clark, H. H. 
Cochrane, E. H. Collins, J. B, Fisken, J. A. Hale, W. S. Hill, 
Cc. H. Hoge, A. H. Kreul, O. L, LeFever, Z. E. Merrill, T. A. 
Purton, G. E. Quinan, H, H. Schoolfield, C. C. Simeral, J. C. 
Thompson, M. V. Watson, J. E, Yates. 


were sent to the second group meeting which convened 
in Chicago, March 10-13, 1930. 
SPECIAL ASSIGNMENTS FROM THE NATIONAL SECTION 

The Engineering Section of the Northwest Electric 
Light and Power Association was fortunate in receiv- 
ing financial aid from the national Section in carrying 
on studies of two problems. One of these is radio 
interference from high voltage insulators and its miti- 
gation. This study is being made by the inductive co- 
ordination committee working in connection with the 
electrical engineering department at the Oregon State 
College, Corvallis, where a special high-voltage line has 
been constructed. The tests are under the direction of 
Prof. F. O. McMillan. 

The second problem to which the national Section 
has given aid is that of fishways and control of the 
movements of migratory fish by means of the “electric 
screen.” This work is being directed by the hydraulic 
power committee and its subcommittee on fishways. 


COMMITTEE ACTIVITIES 


Underground Systems Committee, C. H. Hoge, Chair- 
man— 


Local problems rather than those outlined by the 
national committee were made the objects of study dur- 
ing the year by the underground systems committee, 
one of which was on non-metallic sheathed cable for 
secondary and service mains. Discussion by the com- 
mittee members brought out that some of the advan- 
tages in using non-leaded cables were the elimination 
of sheath currents and electrolysis, cheaper first cost, 
and lower cost of splicing. Advantages of lead-sheathed 
cables were found to be the possibility of lower mainte- 
nance costs and waterproof quality. Several com- 
panies have purchased non-leaded cable for street- 
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lighting and low-voltage mains and several others con- 
template using it in the near future. 

The committee continued its study of the construc- 
tion and operating features of a.c. network installa- 
tions, paying particular attention to the use of a higher 
voltage for primary distribution. Another subject dis- 
cussed was the effect of sheath currents on the ac- 
curacy of current readings in large single-conductor 
cables, when taken with split-core current transform- 
ers. It was the consensus of opinion that, although 
sheath currents are a factor, ranging from 25 to 100 
per cent of conductor current when lead cables are 
heavily loaded, it was not a serious problem as it 
always is possible to strip back the lead if accurate 
readings are desired. 

At the annual general meeting of the Engineering 
Section, the underground systems committee presented 
two papers, “Construction and Maintenance of Orna- 
mental Series Incandescent Street Lighting Systems” 
by G. L. Walker, Pacific Northwest Public Service 
Company, and “A Network in the Embryo” by Paul P. 
Ashworth and A. C. Kelm of the Utah Power and Light 
Company. Mr. Walker’s paper described the practices 
of his company in installing ornamental street lighting 
systems, drawing particular attention to the erection 
of standards, cable installation, construction of vaults, 
and maintenance of equipment. Mr. Ashworth’s and 
Mr. Kelm’s paper described the 4,000-volt a.c. under- 
ground distribution system in use in the down town 
district of Salt Lake City and also a plan of future de- 
velopment of the system to take care of increased load. 


Electrical Apparatus Committee, E. F. Pearson, Chair- 
man— 


The work of the apparatus committee for the past 
year has been devoted to the following subjects: 


1. A review of the entire subject of system stability 
and ways and means of securing and improving sta- 
bility on existing systems. This study was summar- 
ized in a report presented at the Aberdeen meeting by 
Richard McKay, and C. E. Cannon, of The Washington 
Water Power Company. 


2. Economics of circuit breakers and obsolesence 
problems were dealt with, and this study was sum- 
marized in a progress report by Joe Hellenthal, Puget 
Sound Power & Light Company. In connection with 
this study, considerable data were obtained relative to 
the substitution of different types of fuse cutouts for 
circuit breakers in rural substations. 

3. A review of the subject of excitation methods for 
synchronous machines was summarized in a progress 
report by John Bankus, Pacific Northwest Public Serv- 
ice Company. 


Hydraulic Power Committee, E. H. Collins, Chairman— 


This committee presented papers on the following 
subjects at the general meeting: 

1. Repairing Water Wheel Runners, by G. C. Sears, 
Puget Sound Power & Light Company. 

2. Progress Report on Fishways, by J. E. Yates, 
Pacific Power and Light Company. 

3. Presentation of Data Relative to Automatic 
Plants, by J. A. Hale, Utah Power and Light Company. 


Overhead Systems Committee, T. A. Purton, Chair- 
man— 


The overhead systems committee has devoted con- 
siderable effort to the study of high-voltage grounding. 
These features were covered by three papers presented 
at the general meeting: 
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1. The Maintenance of High-Voltage Lines by the 
Use of Hot-Line Tools, by Walter Smith, Mountain 
States Power Company. 

2. Distribution System Grounding, by 
Boggs, Idaho Power Company. 

3. The Zinc Meta-Arsenite Method of Pole Treat- 
ment, by D. R. Manual, Curtin-Howe Corporation, Spo- 
kane, Wash. 


Clarence 


Meter Committee, A. H. Kreul, Chairman— 

The meter committee investigated and reported on 
the following subjects through subcommittees for the 
year 1929-1930. This committee has co-operated closely 
with the national committee. 

1. Survey of Safety First for Metermen During 
1929. This survey showed that safety work and first 
aid among metermen was becoming more popular and 
better organized. Eleven companies, employing 151 
metermen, reported ten accidents during the year. Ths 
previous five-year average was about fifteen accidents 
per year. 

2. Education of Metermen. Fourteen meter me! 
among ten companies have taken the N.E.L.A. Meter- 
men’s Course and the indications point to a large 
number during the coming year. 

3. Comparative Value of Natural and Synthetic Jew- 
els. Two companies out of ten report the use of syn- 
thetic jewels as a cheaper substitute for sapphire jew- 
els in meters. The question of the life of the synthetic 
jewel has prompted an investigation, to be made during 
the coming year, through a series of tests of the accu- 
racy of the meter at different periods of the life of this 
type of jewel. 

4. Overloading Old Type Meters. Operating prac- 
tices were investigated among member companies to 
determine what was being done with old type meters 
with poor overload and temperature characteristics. 
At present very little attention is being given to such 
meters which still are in service, but the question of 
changing them to newer types was thought worthy of 
close investigation. One company reported that a test 
on several meters having a heavy consumption showed 
the loss in revenue to be slightly greater than 0.5 per 
cent. The results showed that 5-amp. meters were 
fairly accurate on installations using up to 200 kw.-hr. 
per month. 

5. Depreciation and Obsolesence of Meters. The aver- 
age life of meters as reported by eleven companies is 
as follows: 


Single-phase meters 20 years 


Three-phase meters 20 years 
Dies meters... 15 years 


This life was estimated on meters manufactured prior 
to 1925. Since that time, the new type meters have had 
five years added to their life. 

Two very interesting subjects were presented at the 
general meeting. They were: 

1. Demonstration of Stroboscopic Meter Testing, by 
J. E. Bridges, Westinghouse Electric and Manufac- 
turing Company. 

2. Demand Meter Developments, by L. H. 
Northwestern Electric Company. 


Kistler, 


Inductive Co-ordination Committee, H. H. Schoolfield, 
Chairman— 
This committee has been very active along several 
lines, one in particular being the investigation of radio 
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interference now under way at the Oregon State 
College. 


The following papers were presented at the general 
meeting: 

1. Trend of Inductive Relations Between Power and 
Communication Utilities, by R. W. Mastick, The Pacific 
Telephone & Telegraph Company. 

2. Elimination of Radio Interference Caused by 
High-Tension Insulators (Progress Report on Experi- 
mental Work at Oregon State College), by Prof. F. O. 
McMillan. . 

3. Radio Interference From Distribution Transform- 


ers, by T. W. McLean, The Washington Water Power 
Company. 


Accident Prevention Committee, John B. Fisken, Chair- 
man— 


A great deal of effort has been exerted in establish- 
ing and maintaining better and safer working condi- 
tions, both in construction and operation. The chairman 


Public Relations 


HE Public Relations Section of the Northwest 

Electric Light and Power Association was organ- 
ized early in the association year, and the following 
committees were appointed and are now functioning: 


Advertising and Publicity Committee; chairman: W. P. 
Strandborg, Pacific Northwest Public Service Company, Port- 
land, Ore. 

Customer Ownership Committee; chairman: D. G. Tyree, 
The California Oregon Power Company, Medford, Ore. 

Committee on Co-operation With Educational Institutions; 
chairman: R. M, Boykin, Puget Sound Power & Light Com- 
pany, Seattle, Wash. 

Committee on Employees’ Relations With the Industry; 
chairman: Gen. H,. G. Winsor, Puget Sound Power & Light 
Company, Seattle, Wash. 

Committee on Employees’ Relations with the Public; chair- 


man: Dr. Adam §S. Bennion, Utah Power & Light Company, 
Salt Lake City, Utah. 

Committee on Relations With Financial Institutions: 
chairman: C, M. Brewer, Mountain States Power Company, 
Medford, Ore, 

Essay Contest Committee; chairman: G. L. Myers, Pacific 
Power & Light Company, Portland, Ore. 


Public Speaking Committee; chairman: G. L. Myers. 


1 Executive Committee: R. B. King, chairman; W. H. Ude, 
vice-chairman; A. S. Bennion, R. M. Boykin, C, M. Brewer, 
L. R, Coffin, J. P. Lottridge, W. B. MacDonald, Mrs. Gertrude 
McDevitt, G. L. Myers, P. M. Parry, W. P. Strandborg, D. 
G. Tyree, H, G. Winsor. 


was instrumental in securing the award of two Insull 
Medals, one of which has been presented. 

The following program was presented at the general 
meeting: 

1. Low-Voltage Hazards, by G. I. Drennan, Pacific 
Power & Light Company. 

2. The Use and Care of Rubber Protective Devices, 
by Jas. B. Brokaw, Eastern Oregon Light & Power 
Company. 


Prime Movers Committee, C. C. Simeral, Chairman— 

During the last year the prime movers committee 
devoted its efforts to the study of local problems and 
prepared two papers for presentation at the spring 
meeting. They were presented as a symposium cover- 
ing the modern trend in the design of steam boilers: 

(a) Boilers, by W. H. Beecher, Chas. C. Moore & 
Company. 

(b) Turbines, by J. E. Yates, Pacific Power & Light 
Company. 


Section Reports’ 


Women’s Committee; chairman: Mrs, Gertrude McDevitt, 
Idaho Power Company, Boise, Idaho. 


To plan the work for 1930, the executive committee 
of the Public Relations Section met in Portland, Nov. 
15, 1929. Reports were heard from all committee chair- 
men, and a thorough discussion of the year’s work and 
the activities of the various committees was had. 

Because the N.E.L.A. is holding its 1930 convention 
in San Francisco, the Northwest association will not 
hold its usual convention, and it was deemed advisable 
for this Section to concentrate on a public speaking 
contest, an essay contest, and the women’s committee 
work. It was the thought of the executive committee 
that these projects would supply sufficient incentive for 
employee effort during the year, and would carry out 
the purpose of the Section most effectively. 


Inasmuch as the activities of the public speaking and 
essay contest committees are unfinished, no reports for 
these committees have been prepared at this time. 
These reports will be submitted for later publication, 
after results of the public speaking and essay contests 
are known. Finals of the public speaking contest are 
to be held in Portland, May 17. 

Brief reports of the committees now ready to pub- 
lish their reports follow. Other committees will report 
later. 


ADVERTISING AND PUBLICITY COMMITTEE 


Advertising and Publicity* 


T WAS the sense of the executive committee of the 
the Public Relations Section at its meeting in Port- 
land in the fall of 1929 that the most effective work 
for the advertising and publicity committee this year 





* Report of the advertising and publicity committee. W. P. 
Strandborg, Pacific Northwest Public Service Company, chair- 
man. . 

The California Oregon Power Company: H. lL. Bromley. 
Idaho Power Campany: E., C. Kiersted. 

Puget Sound Power & Light Company: R, G. Foster. 

Utah Power & Light Company: M. L. Cummings, Jr. 

The Washington Water Power Company: E. J. Crosby. 


would be to arouse interest in the 1930 Convention of 
the N.E.L.A. to be held in San Francisco, June 16-20. 

With that idea in mind the committee has been 
acting in co-operation with the N.E.L.A. convention 
publicity committee of which the chairman is a mem- 
ber. The committee also has co-operated with the 
N.E.L.A. convention transportation committee and var- 
ious conferences have been held with the passenger 
traffic representatives of the leading trans-continental 
railroad systems with a view of having them do every- 
thing in their power to induce convention delegates 
from other sections of the country to route their trips 
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to or from the San Francisco convention, via the Pa- 
cific Northwest. 

At a meeting of the N.E.L.A. publicity committee 
held in San Francisco early in March, it was decided 
to have the paid publicity manager undertake to direct 
all the major publicity activities relating to the con- 
vention, and he was instructed to secure local publicity 
material and photographs for publicity purposes from 
all the leading cities of the Pacific Coast, and to work 
directly in contact with the newspapers, magazines, 
trade and business publications, company house organs 
and to employ such other means as would most effec- 
tively arouse the highest interest in the convention. 

These plans are being carried out. Radio broad- 
casting is to be used, and an extensive national hook- 
up, or perhaps two, also will be used for the purpose 
of attracting convention delegates to see the whole 
Pacific Coast while on their trip. 


Members of this committee have been asked to co- 
operate in every way possible with the local commit- 
tees on reception and entertainment in all cities which 
will be visited either by special trains or by small 
groups of delegates. Reports from various members 
of the committee indicate that they are engaging in 
this line of activity. 

The publicity manager at San Francisco has ar- 
ranged to keep in contact with the individual members 
of this committee. He will supply them with all such 
material and information as will be helpful in making 
the convention attendance satisfactory. At the same 
time he will help to give the visiting delegates a rous- 
ing reception and memorable entertainment as they 
visit the cities in our jurisdiction. 

Much of the detailed work of this committee is to be 
done between now and the convention, and it is con- 
fidently believed that our efforts will be successful. 


COMMITTEE ON EMPLOYEES’ RELATIONS 
WITH THE INDUSTRY 


Employees’ Relations 
With the Industry* 


HE committee on employees’ relations with the in- 

dustry convened at Portland, April 3, 1930. The 
subject, “Public Contact Training,” was introduced for 
discussion. 

Procedure as followed was in accord with the request 
of the national industrial relations committee as out- 
lined by the Chicago conference and included a full dis- 
cussion of each of the 28 questions suggested for 
consideration. 

It is the opinion of this committee that a basic plan 
of training should be inaugurated by the national com- 
mittee and made available to member companies at an 
early date. Such a plan should embrace the funda- 
mental requirements as outlined by the geographic di 
vision committees, devised and enlarged upon as indi- 
cated by future experience. 

This committee believes that several years will be 
necessary to develop a public-contact training program 
which will accomplish the desired results. It is sug- 
gested that future committees named to continue study 
of the plan be selected with a view to retaining as many 
who are familiar with the subject as is possible. 

As the problem of training will require a solution 
which must be made applicable to varied conditions 
involving both member companies and communities 
served, any plan to be successful and helpful must have 
flexibility as well as clearly stated missions. It is be- 
lieved that such a plan is both feasible and desirable. 

Some member companies have established and are 
now conducting a system of public-contact training. It 
would be helpful if a brief outline of the plans used and 
results attained, could be made available to other 
companies. 


* Report of the employees’ relations with the industry com- 
mittee. General H. G. Winsor, Puget Sound Power & Light 
Company, chairman. 


The California Oregon Power Company: S. B. Bullis. 

Eastern Oregon Power & Light Company: J. P. Lottridge. 

Idaho Power Company: M. E. Hughes. 

Mountain States Power Company: Walter Smith, 

Northwestern Electric Company: S. B Clark. 

Pacific Northwest Public Service Company: 
Butler, 


Pacific Power & Light Company: G. T. Bragg 


Marguerite 
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CONCLUSIONS OF THE COMMITTEE 


1. That a systematic and comprehensive plan of 
public-contact training is essential to our industry. 

2. That such a plan, to be successful and of greatest 
value to member companies, must embrace provisions 
for all vocational and geographical groups within each 
organization. 

5. That in order to produce a clear picture of the 
situation and the problems involved in setting up a 
workable system of training, a survey is necessary; 
that the method employed in conducting such a survey 
can best be decided by a conference study in each com- 
pany organization with due consideration given both to 
employee requirements and to the attitude of the public 
in each community. 

1. That any plan to be made satisfactory must in- 
clude: 


(a) Individual contact problems such as: 
1. Counter work (contacts within the office) 
2. Telephone communications 
Written communications 
4. Contacts within the home or business estab- 
lishment. 
(b) Group contacts such as: 
1. Fraternal organizations 
2. Civie organizations 
3. Social organizations. 
5. That personal attributes should be emphasized 
the basic principles of all training, including: 
(a) Appearance 
(b) Manner 
(c) Speech 
(d) Ability to give information clearly, intel 
gently and courteously 
(e) Expression of interest in customers’ problems 
(f) Ability to understand and explain changes in 
method or procedure. 


6. That any plan recommended by the national com- 
mittee be basic in its principles and application, and 
that it should be constructed in such a manner as to 
encourage its development in all member organizations 
regardless of size or location. 

7. That whenever any plan is proposed which ap- 
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parently is acceptable to member companies an estab- 
lishment be provided for the purpose of teaching the 
basic principles involved either through the medium 
of correspondence or direct instruction to groups of 
selected employees. 

8. That the initial effort in the dissemination of in- 
struction in connection with any proposed plan be 
applied to training of supervisors. 

9. That, in each company organization, the authority 
and responsibility of planning in detail the training 
courses or system be delegated to an individual or 


group of individuals qualified by experience or intimate 
knowledge of the problems involved, and that the func- 
tion so established receive the whole-hearted support of 
all executives and other supervisors. 

10. That the results of all plans which are put into 
effect by member companies be reported semi-annually 
to a committee in each geographic division, these re- 
ports to form a basis for consolidated reports to be 
made to the national committee for its use in determ- 
ining changes which it is desirable to make in the 
basic plan. 


WOMEN’S COMMITTEE 


Women in the Industry* 


HE women’s committee of the Northwest geo- 
graphic division consists of thirteen chairmen of 
local women’s committees, two members-at-large, a 


chairman on the safety committee, and a home service 
chairman. 


LOcAL COMMITTEE MEETINGS 


Just two of the thirteen local chairmen do not have 
committee meetings, because the women in their terri- 
tories are widely scattered, but they are very active in 
sending literature and information to these women and 
keeping them well informed on the utility business. 
Some of the active committees are separated into divis- 
ions with subchairmen holding regular meetings. 

Meetings vary in different communities, but always 
are held once a month. Most of them are held on com- 
pany time and consist of morning, luncheon, afternoon 
and dinner meetings. Only one committee meets at 
night and the chairman of that one has a hard time 
with attendance. Every committee has side meetings 
on their own time in which they benefit themselves. 
Physical education, cooking, first aid, public speaking, 
sewing and art are some of their activities. 

Every meeting program has at least one educational 
number that gives the women information on what their 
company is doing and also affords a medium of ex- 
change of ideas. Each meeting then has a social num- 
ber. These programs put on by employees give the 
> 


* Report of the women’s committee. Mrs. Gertrude McDevitt, 

Idaho Power Company, chairman. 

The California Oregon Power Company: Mildred Knight. 

Eastern Oregon Light & Power Company: Loy Wisdom. 

General Electric Company: Martha O. Goldapp. 

Grays Harbor Railway & Light Company: Esther Miller. 

Idaho Power Company: Mrs. Amy Villa. 

Mountain States Power Company: Estella Dorgan, Hazel 
Earl. 

Northwestern Electric Company: Mrs, A, W. Angell. 


Pacific Northwest Public Service Company: Marguerite 
Butler. 

Pacific Power & Light Company: Gertrude Humphrey, 

Puget Sound Power & Light Company: Mrs. Nell Laws. 

Utah Power & Light Company: Charlotte Cummings. 

The Washington Water Power Company: Edith L. Hedger, 
Mary K, Walsh. 


women a chance to appreciate the talents of their fel- 
low workmen and establish a social relationship that 
has real human value. 

Public speaking is one of the “pets” of the North- 
west. There are five committees holding public speak- 
ing meetings once a week. 


HoME SERVICE AND SAFETY DEPARTMENTS 


Through the home service departments and with fine 
first aid classes and clever saleswomen, we get a great 
deal of public contact both collectively and individually. 
The first aid classes are very popular and their teams 
demonstrate for many civic organizations and in the 
public schools. The women have been sent out, by 
request, to teach classes in school how to read meters 
and also to demonstrate appliances. 

The home service department is of real value to rural 
customers, for to them it is an information bureau, not 
only on electricity and its ways and uses, but also on 
other matters of interest. We help them buy their pots 
and pans and tell them what length fashion says they 
should wear their skirts. 


Every committee has done wonderful charity work, 
especially around Christmas time when they have joined 
the other civic organizations in taking care of needy 
families. In fact, the ingenious methods these women 
have used to raise money and the success they have had 
makes them the envy of all high financiers. 


EXPANSION RECOMMENDED 


Wholesale distributors in the different states would 
be a welcome addition to our women’s committee work. 
They all have home economists who travel extensively, 
and most of them hire from ten to twenty women em- 
ployees. These women employees are not actively en- 
gaged in sales and do not get the information about 
their merchandise and about the utilities they sell to. 
In the Idaho division, they have sold 3,327 ranges and 
a total of $1,100,000 of appliances in 1929. Employees 
of manufacturing concerns should know about such 
an electrical utility and its business relations and its 
service to the public, and how their merchandise pleases 
the general public. 


CUSTOMER OWNERSHIP COMMITTEE 


Customer Ownership* 


HE 1929-30 customer ownership committee held a 

meeting at Portland, April 10, 1930. Due to con- 
flicting engagements, a full attendance was not secured 
but representatives of the following companies were 
present: 


Pacific Northwest Public Service Corporation 


Puget Sound Power & Light Company 


Pacific Power & Light Company 
Northwestern Electric Company 
Mountain States Power Company 

The California Oregon Power Company. 


* Report of the customer ownership committee. D. G, Tyree, 
The California Oregon Power Company, chairman. 

Idaho Power Company:: L. W. Brainard. 

Pacific Northwest Public Service Company: E. G. Jarvis. 
Pacific Power & Light Company: S. E. Skelley. 

Puget Sound Power & Light Company: Dwight Ware. 

Utah Power & Light Company: George B. Thomas. 

The Washington Water Power Company: W. H. Ude. 
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TABLE I—Sale of Preferred Stock. 








Name of Company 


Puget Sound Power & Light Company... 6% Preferred Stock No par 
Portland Electric Power Company (now 
Pacific Northwest Public Service Com- 
pany). . 6% Preferred Stock No In- 


Washington Water Power Company . $6 Preferred Stock No par 


Utah Power & Light Company.......... $6 Preferred Stock No par 
Idaho Power Company................. $6 Preferred Stock No par 
The California Oregon Power Company.. 6% Preferred Stock $100 


®Pacific Power & Light Company 
®Northwestern Electric Company wee 
®Mountain States Power Company...... 


7% Preferred Stock $100 
7% Preferred Stock $100 
7% Preferred Stock $100 


Security Sold Par Value 


formation 


Selling No. Shares No. Shares No. Share- No. of Thes« 

Price per Sold to Sold to holders Already 
Share Customers Employees Obtained Shareholders 
$100 38,869 1,953 7,206 

$102 plus 

acc. div.) 27,400 5,118 4,969 1,500 
$101 8,833 3,763 3,497 2,238 
$100 9,288 955 1.935 600 
$101 9,820 130 1,316 561 

$100-$111 132 a . 43 13 

None Sold . 

$100-$103 No In- 


tormation 








*These companies did not engage actively in the sale of preferred stock to customers and employees during 1929, t 


For the purpose of gaining information covering cus- 
tomer ownership activities of the various companies 
during the year 1929, a form of questionnaire was 
adopted which has since been completed by the various 
companies in the association. The data secured ap- 
pear at the end of this report in tabulated form. 

While not all of the companies in the Northwest 
Association had active customer ownership campaigns 
during 1929, it was the consensus of opinion that cus- 
tomer ownership is just as important to the industry 
now as it ever was, and that this activity should not 
be dropped or curtailed by any company in the asso- 
ciation unless absolutely unavoidable. 


FUTURE PLANS 

The Pacific Northwest Public Service Corporation 
(formerly Portland Electric Power Company) plans 
on selling $4 first preferred stock of the Central Public 
Service Corporation (the parent organization) during 
1930 and hopes to place $5,000,000 of this stock in the 
hands of its customers. 

The Puget Sound Power & Light Company plans on 
selling about $5,000,000 of its 6 per cent preferred 
stock under the customer ownership plan in 1930. 

The California Oregon Power Company plans on sell- 
ing about $1,000,000 of its 6 per cent preferred stock 
during 1930 in the territory served by the company. 

None of the other companies have reported any defi- 
nite plans for campaigns, although all companies will 
redistribute stock which is turned back by the old stock 
holders. 


VALUE OF CUSTOMER OWNERSHIP 


In addition to the information furnished by the va- 
rious companies covering preferred stock campaigns in 
1929, the following question was answered by each 
company: “What has the customer ownership plan 
accomplished for your company?” 


One company states that this activity has improved 
the company’s public relations through the friendly 
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yut handled a few resales 


interest of new stockholders; that a knowledge of the 
company and of its problems was necessarily dissem- 
inated in carrying on sales work; that it develops com- 
pany spirit among the employees. 

Another company states that this plan has enabled 
the company to overcome readily any misunderstanding 
and adverse propaganda; that the friendliest communi- 
ties are the ones where the most stock is held. 

All companies were unanimous in stating that cus- 
tomer ownership increases good-will toward the com- 
pany throughout the territory served. 

In answer to the question: “What is your opinion as 
to the possibilities for sale of preferred stock of utility 
companies through the customer ownership plan during 
the coming year?” all companies expressed the opinion 
that the possibilities are excellent and that the sale of 
preferred stock on this plan could be carried on as suc- 
cessfully as ever during 1930. 


RECOMMENDATIONS 


The committee recommended that the companies take 
more advantage of their opportunities to show the 
public through their customer shareholders what is 
being done by the electric utility industry. Invite them 
to visit plants; arrange trips for them; take moving 
pictures showing the company systems from the air 
and give free shows; do everything possible to give 
stockholders and their friends a complete and realistic 
picture of the company system. Also bring them into 


_ contact with the company officials so that they will be- 


come personally acquainted and will realize that the 
company organization is led by men and women who 
are human beings like themselves. 

The committee recommends that the companies con- 
tinue using employees as much as possible in the dis- 
tribution of securities on the customer-ownership plan. 

The committee recommends that the security to be 
sold on this plan be a preferred stock wherever pos- 
sible, as this sort of security does not fluctuate and 
cause the stockholder any anxiety as to his savings. 
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General Committee Report’ 


EDUCATIONAL COMMITTEE 


Educational Activities in the 
Northwest* 


NROLLMENT in N.E.L.A. educational courses in 
the Northwest geographic division in the twelve- 
month period ending March 31, 1930, as compared to 
the enrollment for the previous twelve-month period 
was as follows: 


1930 1929 

Practical electricity 51 30 
Elementary aceounting 11 } 
Advanced accounting 32 5 
Lighting sales 5 1 
Merchandise sales 14 7 
Power sales 10 2 
Electrical metermen 21 19 
144 68 


The current year’s enrollments were divided among 
companies as follows: 


Puget Sound Power & Light Company 62 
Idaho Power Company 3 33 
The Washington Water Power Company 17 
Northwestern Electric Company 8 
Pacific Northwest Public Service Company (Pepco) 6 
Pacific Power & Light Company 5 
Eastern Oregon Light & Power Company 5 
The California Oregon Power Company 3 
Utah Power & Light Company 1 
Helena Gas & Electric Company 1 
Montana Power Company 1 
Peoples West Coast Hydro-Electric Corporation 1 
Salmon River Power Company 1 

Total 144 


A change has been made in the period covered by the 
accompanying tabulations as against the period re- 
ported in last year’s report in that this year the twelve- 
month period runs from April 1, 1929 to March 31, 
1950, inclusive, instead of from March 1 to Feb. 28. 
The 1929 figures reported above have been changed to 
conform to this time period for comparative purposes. 

One of the steps taken by the national committee 


* Report of the educational committee. Berkeley Snow, Elec- 
trical West, chairman 
The California Oregon Power Company: H. L. Bromley. 
Eastern Oregon Light & Power Company: J. B. Brokaw. 
Idaho Power Company: E. C. Kiersted. 
Mountain States Power Company: Z, E. Merrill. 
Northwestern Electric Company: R, W. Faville. 
Pacific Northwest Public Service Company: George Sullivan. 
Pacific Power & Light Company: G. T. Bragg. 
Puget Sound Power & Light Company: H. G. Winsor. 
Utah Power & Light Company: M. L. Cummings, Jr. 

The Washington Water Power Company: W. H. Ude. 


during the past year has been to agree to make avail- 
able to Class A member companies that have organized 
class work in charge of instructors, the texts of the 
N.E.L.A. courses without the correspondence service at 
a greatly reduced price. 

The Northwest educational committee held one meet- 
ing during the year in Portland, Ore., on April 3, 1930. 
Among subjects discussed was that pertaining to the 
evils attendant on high-pressure solicitation of com- 
pany employees by representatives of the commercial 
correspondence schools. It was recognized that very 
often an employee was induced to subscribe to a course 
for which he would not have sufficient background of 
education and later would drop the course and suffer 
a monetary loss, or that he would be sold a course that 
did not measure up to other courses available. How- 
ever, it sometimes develops that some courses offered 
by one of the commercial companies is better suited 
to the employee’s needs than any of the N.E.L.A. 
courses. This discussion led to the adoption of the fol- 
lowing resolution: 


RESOLUTION 


Resolved, That it seems highly desirable from the stand- 
point both of the company and the employee that some con- 
trol be exercised by the company over its employees’ educa- 
tional endeavors and it is suggested that employees be urged 
to seek the advice of some delegated person in their organi- 
zation—personnel director, department head or district man- 
ager—prior to subscribing for any course whatever, whether 
an N.E.L.A, course or one from one of the commercial com- 
panies. 


It was further determined at this meeting that the 
educational committee as such should not attempt to 
set up elaborate plans for the promotion of the 
N.E.L.A. courses in this territory. This was found to 
be a problem for the individual company involving com- 
pany policy which should be left to the company’s rep- 
resentative on the committee. The continuance of the 
committee, however, was deemed advisable, and the 
chairman was urged to continue to send out to the 
individual members all of the information on N.E.L.A. 
courses made available by the national committee. 


REPRESENTATION DESIRABLE 


It is recommended that all companies interested in 
maintaining a certain amount of control over their em- 
ployees’ educational endeavors be represented on this 
committee, and such companies not now represented are 
urged to appoint a representative. 


Electrical West —- Vol. 64, No. 6 


nese CO CC LLL A OE 











